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FUR- CUTTING INDUSTRY 


INTRODUCTION 


A study of conditions affecting the health of workers employed in 
the hatters’ fur-cutting industry was begun in 1935 at the request of 
the N. R. A. code authority for that industry. At that time approx- 
imately 2,000 men and women in 36 factories were engaged in pre- 
paring the fur of rabbits and hares for the subsequent manufacture 
of felt hats. In one of the early stages in the treatment of the pelts 
(carroting) a mercury preparation is applied, and measurable quanti- 
ties of mercury leave the fur as vapor and on dust particles at every 
succeeding stage in the manufacturing process. Hand labor is 
required at almost every stage and because many of the manufac- 
turing processes are carried on in the same workroom, a large propor- 
tion of the workers are exposed to mercury vapor and fur dust. 

The literature on the subject contains many statements concerning 
the dangers of mercurialism in the fur-cutting industry. In later 
sections of this paper the results of earlier studies on the health of 
hatters and fur cutters will be discussed in detail in connection with 
the presentation of similar data collected in this study. It may be 
useful, however, to note briefly the content of the principal papers 
dealing with the health of American fur cutters. 

Freeman (14) traced an outbreak of mercurialism in New Jersey 
hat factories to the use of carroted fur containing excessive amounts 
of mercury and described the symptoms briefly. In 1891 Adler (7) 
published a clinical description of chronic mercurialism as he observed 
it in five male hatters who came to him for treatment. In 1878 
Dennis (11) questioned 1,546 hatters employed in 28 factories in and 
near Newark, N. J., to ascertain the prevalence of tremor, sore mouth, 
and rheumatism, and to find out whether or not adequate ventilation 
was provided in the factory workrooms. The data he collected and 
published do not bear out his contention that the use of alcohol and 
tobacco was responsible for the cases of ill health he observed, for 
according to his figures (p. 84), the 75 persons who abstained from 
the use of both alcohol and tobacco were afflicted with tremor to the 
same extent (10 percent) as the 800 persons who used both. Mrs. 
Bates (9) inspected a number of hat factories in the vicinity of New 
York City in 1910. Her report was limited to the data she could 
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obtain from private physicians and hospitals who treated hatters and 
fur cutters, and to the information which could be obtained by ques- 
tioning disabled hatters and fur cutters. The consensus of opinion 
of all concerned was that long-continued employment at certain occu- 
pations in the hatting industry produced the symptoms of chronic 
mercurialism in an undetermined proportion of the persons exposed, 
but if the affected men were transferred to occupations or industries 
which appeared to offer a lower mercury exposure the symptoms dis- 
appeared. Harris (15) in 1915 published the results of a study of the 
health of employees in the fur-cutting industry and allied trades in 
New York City. He was unable to make very thorough physical 
examinations of the 266 fur cutters he studied. 

In 1921 Wright (24) made physical examinations of 100 male hat- 
ters and fur cutters who presented themselves voluntarily for exam- 
ination at a special clinic set up in Danbury, Conn. Eight of these 
men were fur cutters. Wright’s data clearly indicate the nature of 
the physical defects and disorders which may be found in persons 
employed in these industries, but they do not show how large a pro- 
portion of all the employees in the industry may have been so affected. 
No study of working conditions was made. At the same time, sev- 
eral other studies of the hatting and fur-cutting industries were 
made by members of the department of industrial hygiene of the 
Harvard School of Public Health, and in the series of published 
papers that resulted valuable contributions to the literature of the 
subject were made. Dr. Alice Hamilton contributed reviews (37, 38) of 
the literature; Minot (42) made quantitative chemical analyses of the 
amounts of mercury present in the material at several stages in the 
hat-making process which indicate there is a progressive loss of mer- 
cury during the course of manufacture; and Johnson (39) attempted, 
with only partial success, to find a substitute for mercury in the 
carroting process. 

Physicians who have worked on the problem are not entirely in 
agreement concerning the characteristic symptoms of chronic mer- 
curialism. Their lack of agreement is especially conspicuous with 
respect to the interpretation of laboratory tests on blood and urine. 
Incidentally, the characteristic symptoms of chronic mercurialism 
differ greatly from the well-known symptoms of acute mercurial 
poisoning, upon which there is more general agreement. 

No satisfactory substitute for mercury nitrate in the carroting 
process has come into general use in this country in spite of more 
than a century of active research. Therefore, to a large extent the 
protection of the health of fur cutters depends upon removal of mer- 
cury vapor as completely as possible from the workrooms by effective 
application of engineering methods. Any solution of this problem 
presupposes an accurate knowledge of the nature of the working en- 
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vironment which can be provided only by an engineering survey. 
Such information is not obtainable from the literature. Most of the 
data on health conditions in the hatting and fur-cutting industries 
are to be found in the older, less detailed studies, in which laboratory 
tests were not made. The physical examinations made by Wright on 
100 men employed in 30 different factories probably cannot be re- 
garded as a fair index of the health of workers in the industry as a 
whole, since persons who considered themselves to be in good health 
would not be as likely to present themselves for examination as per- 
sons who were aware they had physical defects. 

In the present study, between February and May 1935, physical 
examinations, supplemented by roentgenological examinations and 
standard laboratory tests of blood and urine, were made on 529 men 
and women. This group constitutes 26.4 percent of the employed 
fur cutters in the United States. A complete record of each person’s 
previous employment was also obtained. Engineering surveys were 
made (1) in all of the fur-cutting factories then in operation in this 
country to define the manufacturing processes in use; (2) to make 
measurements of mercury vapor concentration, dust counts, and other 
conditions of the working environments in the five plants selected for 
special study; and (8) to investigate the methods developed by the 
industry for controlling mercury and fur-dust exposure. 


ENGINEERING STUDY 
Methods and Instruments Used in the Study 


At the time this study was conducted there were, in all, 36 plants 
in the United States engaged in the preparation of hatters’ fur. 
Information obtained from these plants revealed that the industry 
employed approximately 2,000 persons. Since it was not feasible to 
examine every worker in the industry, it was necessary to make a 
selection of plants. Such a sampling procedure could be used pro- 
vided certain information was available on each individual plant. 
Accordingly, a preliminary engineering survey was made in each of 
the 36 plants. This survey consisted of collecting data on industrial 
welfare facilities available to the workers, the general sanitation of 
the plant, and the processes and occupations involved in the prepara- 
tion of hatters’ fur. Information was obtained on facilities for con- 
ducting physical examinations, and the degree of cooperation to be 
expected from employers and employees in the conduct of the study, 
which influenced the selection of the plants for study. In this manner 
it was possible to choose five plants which repr--ented both modern 
and old practice, and good, fair, or poor workin conditions as judged 
by visual inspection. In addition, this preliminary survey served to 
give a fairly good concept of the entire industry. 

Further preliminary steps in this study, prior to making actual 
measurements of the working environment, consisted of making 
sanitary and occupational surveys of the various workrooms in the 
five plants. Such preliminary surveys serve as a guide in the more 
detailed studies which follow. The sanitary survey, for example, lists 
the various facilities accessible to the worker in the working environ- 
ment, while the occupational survey permits one to determine the 
nature of the work and the particular hazards associated with each 
occupation. The survey form reproduced in a later portion of this 
report served as a basis for recording the essential data on the sanitary 
and occupational phases of this study. 

The preliminary survey of the industry showed that the major 
occupational hazards in need of further investigation were exposure 
to mercury vapor and dust. 

The General Electric selenium sulphide detector (1) was used for 
the determination of mercury vapor. (See fig. 1.) This instrument 
was selected in preference to other devices for the detection of mer- 
cury vapor in air because of its portability, ruggedness, simplicity of 
operation, and because direct readings may be sbbaindd in a short 
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FIGURE 1.—INSTRUMENTS USED FOR THE DETERMINATION OF MERCURY VAPOR 
AND DUST. 
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time. It has been in use for some time for detecting minute amounts 
of mercury vapor in the air and has an extremely high sensitivity. 
In the present study, mercury-impregnated dust was excluded from 
the detector by placing a single-thickness Whatman paper thimble at 
the point where air enters the instrument. The dust-free air then 
passed into the device, was preheated to a temperature of 70° C., and 
then allowed to come in contact with paper coated with active selenium 
sulphide. When mercury vapor comes in contact with the paper it 
is blackened to a degree which is dependent on duration of exposure 
and the concentration of mercury. The amount of mercury vapor in 
the air can be determined by comparing the sample obtained with 
standards which accompany the instrument. 

In order to determine the amount of mercury-impregnated dust in 
the air, samples were obtained with the impinger apparatus (3). 
Since it was found in preliminary observations that the mercury- 
coated fur was greasy, and hence difficult to wet, it was necessary to 
use a 25-percent alcohol and water mixture as a collecting medium. 
Samples thus obtained were shipped to the central laboratory in 
Washington, where they were analyzed by Associate Chemist F. H. 
Goldman by means of the electrolytic method described by Fraser (2).! 

The konimeter was employed for the determination of the amount 
of dust to which workers were exposed (5). In the control studies 
which followed, certain ventilation measurements were made on the 
exhaust systems employed. These readings were obtained with the 


Pitot tube. 


1 Since preliminary treatment of such samples is necessary before Fraser’s method can be applied, a brief 
description of the procedure follows. 

The sample was transferred to a 500 ce Kjeldahl flask, and the alcohol was boiled off very rapidly for 5 to 
10 minutes. After cooling, 10 cc of concentrated sulphuric acid was added and then 4 g of potassium per- 
manganate. The neck of the flask was washed down with water. The sample was-allowed to digest at a 
temperature just under the boiling point for 2 hours. It was then decolorized with oxalic acid.crystals 
{about 3 g are required), warming if necessary. Unless the solution is cold, it is better to add the oxalic acid 
in small amounts during this operation. The solution was next transferred from the Kjeldahl flask to a 
250 ce glass-stoppered Erlenmeyer fiask, 1 ce of 0.5 percent copper sulphate solution was added, and then 
H2S was passed in for about one-half hour. The precipitate was allowed to stand overnight and then washed 
by centrifuging. 

Chlorine gas was then passed into the centrifuge cup containing the copper and mercury sulphide precip- 
itate after the addition of 5 cc of water. Solution was usually effected in 15 minutes, after which air was 
passed through to remove the chlorine. 

This solution was transferred to a 50-cc beaker, 2 cc of saturated oxalic acid and & cc of saturated ammonium 
oxalate were added. The mercury was plated out using a pure gold cathode 1 by 3 cm and 4 mm thick. 
The voltage was kept at 1.3-1.5 and the time was 18-24 hours. Theanode was platinum. The gold electrode 
can be easily made in the laboratory. A piece of gold foil is cut to the specified dimensions and is welded to 
a platinum wire by heating wire and foil in position on an anvil with a Bunsen flame, finally tapping gently 
with asmall hammer. Care must be taken not to melt the gold by excessive heating. 

The electrode which has the mercury and copper plated out on it was washed in water, alcohol, and ether 
successively, and was then weighed on a micro-balance. 

After weighing, it was placed in a Pyrex combustion tube through which a stream of hydrogen was passed. 
The tube was heated carefully and the mercury was driven off. After cooling, the electrode was again 
weighed and the mercury determined by difference. 
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Preparation of Hatters’ Fur 


The processes used in the manufacture of hatters’ fur may be 
roughly divided into three parts: First, the preparation of the pelt; 
second, the carroting and drying of the fur; and third, the cutting or 
shearing of the hair from the skin. These constitute the basic steps 
in all hatters’ fur establishments. Such differences as may be found 
to exist among various plants pertain chiefly to the degree to which 
some departments have been mechanized. 


DESCRIPTION OF OPERATIONS AND OCCUPATIONS 


Types of pelts used.—Practically all the hatters’ fur used today is 
obtained from the pelts of rabbits or hares. The dry, raw pelts, 
turned inside out, are shipped in bales containing approximately 
200 dozen. Most of these pelts are shipped from Great Britain, 
France, Australia, Belgium, and Russia. Relatively few pelts are 
produced in this country for the hatters’ fur industry. Small amounts 
of furriers’ waste or scraps of pelts from muskrats, squirrels, hares, 
etc., are also utilized. These yield felts with finer textures and are 
used in making high-grade felts. 

Disinfecting.—As a rule, all the skins shipped are packed in naph- 

thalene or other suitable preservative. In some instances, however, 
especially when scraps and inferior grade skins are used, it is necessary 
to eradicate worms which infest the hides. In such instances, the 
skins are placed in large containers into which hydrocyanic acid gas 
is introduced under pressure. The. worms are killed after a short 
exposure to this gas. Arsenic, which was formerly widely used for 
the preservation of skins, no longer appears to be employed in baled 
pelts. : , 
Drumming and cleaning.—The baled pelts are exceedingly dry and 
brittle, and must be carefully handled to avoid the loss of good skins 
through breakage. To condition the skins for the handling to which 
they will be subjected, as well as to clean them, they are placed in 
large revolving drums containing dampened sawdust and sand, which 
are rotated for approximately 60 minutes. The pelts are then trans- 
ferred to cylindrical screens which are rotated to remove the sawdust 
and sand and to dry the pelts. (See fig. 2.) 

Opening.—When the pelts have been conditioned, they are delivered 
to the openers, who mount each pelt on an upright wooden fork and 
cut off heads, tails, and legs, and slit the hide. This work is usually 
done by girls. (See fig. 3.) 

Clipping.—The opened pelts are counted and sorted according to 
quality and color. They are then taken to the clippers for shearing 
the long coarse hairs which are undesirable. Clipping consists of 
placing the skins on a small iron rail which, when pushed forward, 





FIGURE 2.—CLEANING SCREEN FOR PELTS RECEIVED FROM DRUMMER. 








FIGURE 3.—OPENING PELTS. 





FIGURE 4.—CLIPPING LONG HAIRS FROM RAW PELTS. 








FIGURE 5.—HAND CARROTING OF HARE PELTS. 





FIGURE 6.—EQUIPMENT USED FOR MECHANICAL APPLICATION OF CARROT. 
The brush tips can be seen just above the forward dash board. 





FIGURE 7.—MODERN CARROTING ROOM FOR BOTH HAND AND MACHINE 
CARROTING. 
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comes within a short distance of a revolving cutter. A vertical move-' 
ment of the skin past the rail brings all the longer hairs within reach 
of the clipping blades. (See fig. 4.) 

Clipping machines are exhausted, the air being drawn directly past 
the cutter which is approximately 6 to 8 inches in width, and conducted’ 
to a suitable collecting device, usually a cyclone. The hairs collected 
cannot be used for felting and are generally discarded as waste. 

Carroting—Up to the present point, the preparation of the fur 
has involved the handling of raw skins. Ordinarily cut fur or wool 
can be made into felt by wetting and applying pressure, but better 
felting can be secured by chemical treatment of the fur. Of the 
various chemicals used for this purpose, none has been found to be 
more generally suitable than mercury nitrate. The use of this 
compound for felting dates from the seventeenth century. 

The application of mercury nitrate, or of any other chemical used 
in the treatment of raw fur, constitutes what is called carroting. 
This term arises from the carrot-yellow color of the treated skins 
which have been dried at temperatures approximating 200° F. 

The application of mercury nitrate to the raw fur involves two: 
important considerations. These may be considered in the following’ 
order: (1) Strength of carrot, and (2) method of application of the 
carrot. The strength of the carroting solution has a bearing on the 
type of felting sought, that is, whether a “fast” or “slow” felt is 
desired. Accordingly, the concentrated carrot (100 pounds nitric 
acid to 25 or 30 pounds of mercury) must be diluted to the necessary 
degree. An expert knowledge of the properties of various skins and 


and of felting is essential in preparing and applying carrot of the 
proper strength. | 


With regard to the method of applying the carrot, either hand 
or mechanical methods are used. In the first method the carroter, 
protected by long rubber gloves, dips a brush into an earthenware 
bowl containing the carrot and deftly applies the substance to the fur. 
Not all the fur is treated with the carrot, but only the tips; likewise, 
too much carrot must not be applied. The method of hand carroting 
is shown in figure 5. The mechanical. method of applying carrot 
consists of a revolving brush, about 10 inches in diameter and 18 
mches in length which dips into an earthenware trough containing’ 
the carrot. The carroter, with hands protected, passes the fur side: 
of the pelt over the brush. This method of applying the carrot is 
rapid, but requires considerable skill to prevent too much carrot 
being placed on the fur. The carrot is kept at a fixed level in the 
trough by means of a constant flow from a large earthenware crock. 

The mechanical method of carroting fur produces a mist which’ 
causes considerable irritation to the carroter. He frequently brushes: 
his face with his shoulders. The caustic mist appears to be the most: 
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troublesome feature of carroting with mercury nitrate. Figure 6 
illustrates the equipment used for mechanical application of the 
carrot. 

In most plants, carroting is carried on in small, dark rooms. The 
mercury nitrate mist has a slightly pungent odor and attacks all 
exposed metal fixtures. The carroting room is usually damp and wet 
owing to the piling of carroted furs and the dripping which takes 
place in conveying the skins from the carroting benches to the drying 
rooms. In the more modern establishments, carroting is conducted in 
well-lighted rooms as may be seen by contrasting figures 5 and 7. 

Spreading and drying.—The carroted fur may either be dried imme- 
diately or stored for a few hours in small humid compartments. Dry- 
ing operations are of two types, depending upon the temperatures to 
which the skins are subjected. Temperatures of approximately 
210°-240° F. produce what is known as a yellow carrot (Y.C.). This 
type of drying imparts a yellow, carrot color to the fur. Carroted 
skins are dried by spreading the carroted pelts on coarse screen trays 
which may be slid into steam-heated ovens. The trays alternate, 
one above the other, with steam coils. With yellow carrot furs, 
20 to 30 minutes are required for completely drying the pelts. The 
moisture and gases are drawn off by exhaust systems. (See fig. 8.) 
Considerable smoke, due to the fat adhering to the skin, is produced. 

When drying is done by natural means or by mechanical methods 
at temperatures below 140° F. a white carrot (W. C.) is produced. 
White carroting is generally used for white hare skins since no discolor- 
ation of the fur takes place. It is customary in white carrot drying 
to spread the carroted skins on trays in well-ventilated drying rooms 
or to suspend them from rafters in a manner similar to that illustrated 
in figure 9. Open air drying is also frequently resorted to. The 
mechanical method of drying consists of an oven with a special con- 
veyor belt on which the skins are placed. The speed of the conveyor 
is regulated to assure perfect drying of the skins by the time they 
emerge from the oven. 

The success of the carrot as an aid to felting is based on experience. 
Some plants have laboratories to control the felting properties of the. 
fur to meet market demands but this is exceptional. Frequently 
the dryer foreman samples the carroted fur by tasting. This pro- 
cedure is repeated many times each day and undoubtedly leads to 
the ingestion of considerable amounts of mercury. 

Piling —The dried pelts are exceedingly stiff and brittle. In order 
to soften them, they are piled in racks, fur to fur, and the exposed 
skin surface is wetted with a fine water spray. The piled fur is then 
pressed down with heavy planking and allowed to stand for indefinite 
periods. Figure 10 shows the manner in which the carroted and 
dried fur is piled. 





FIGURE 8.—YELLOW CARROT DRYING OVENS, 





FIGURE 9.—ONE METHOD OF SPREADING FOR WHITE CARROT DRYING 





FIGURE 10.—PILING OF DRIED CARROTED FURS. 
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FIGURE 12.—CUTTER FEEDING BRUSHED CARROTED FUR 
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FIGURE 13.—SORTING OF CUT FUR. 





FIGURE 14.—PACKING CUT AND SORTED FUR. 


9 


Exposure of workers to mercury vapor usually begins with the 
piling operations. The chemical reaction which takes place subse- 
quent to the application of mercury nitrate to raw fur and which 
releases mercury vapor is not definitely known. It is believed, how- 
ever, that the reaction is somewhat as follows: 


Fur+He(NO;),+HNO;—Keratin nitrate + HgO'N,O; 
[Fur+HgO-N,O;]+ H,.O-Hg-+ Fur oxide+2HNO; 
Fur+ HNO,—Keratin nitrate. 


The reaction is slow, but it is well known that more mercury vapor is 
given off as the carroted fur becomes older. 

The action of mercury nitrate in altering the physical characteristics 
of fur is also not clearly understood. The general opinion prevails in 
the fur-cutting industry that the carroted hair tips are rendered 
flexible and thus, when matted together in the presence of moisture, 
they enmesh themselves, forming a firm felt. 

Brushing.—The piled skins are sent as needed to the brushing de- 
partment. After treatment with carrot, the fur is matted and ir- 
regular and must be smoothed. This is done by brushers who hold 
each skin against a stiff, revolving brush. The operation is usually 
repeated. Figure 11 shows the type of machines used for brushing. 

Cutting and sorting—Cutting and sorting constitute the third 
major step in the preparation of hatters’ fur. The brushed pelts are 
taken to cutting machines which shear the fur from the skin. This 
work, usually done by men, consists in feeding pelts, one by one, to 
blades revolving at high speed which shear the fur and at the same 
time cut the skin into shreds (fig. 12). The sheared fur passes on a 
conveying belt, or on trays, to the sorters, who remove scraps of skin 
from the cut fur. Cutting operations produce large amounts of dust 
and consequently the floors must be swept frequently to remove 
the accumulated waste. The shredded skins drop into a compart- 
ment below the shearing knives and are collected in burlap bags and 
baled. 

Sorting is a sedentary occupation employing girls. The work con- 
sists of manipulating the cut fur which has been placed on a flat tin 
tray and removing the scraps of skin which have been sheared by the 
cutter (fig. 13). The fur which has been freed of these scraps is 
placed in a paper bag and the waste is reclaimed by either of two 
methods described later in this report. Each sorter fills the bag 
assigned to her to a weight of 5 pounds. The bags are then tied up 
and sent to the storage room (fig. 14). 

Reclaaming.—Small scraps of fur recovered either in the opening or 
sorting operations, or which have been purchased from furriers, are 
first chopped into small pieces and then treated in one of two ways. 
The pieces may be glued by pasters or stickers to strips of manila 
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paper, or else the skin to which the fur adheres may be digested by 
special methods in large vats. (See fig. 15.) If the fur has not been 
carroted, it may be carroted after gluing, and it may be dried, sheared, 
sorted, and otherwise handled in the same way as an ordinary pelt. 
Vat treatment of fur scraps involves less manipulation than the above- 
described procedure, but it requires considerable cleaning. After 
digestion of the skin in the vat, the scrap fur is freed of moisture in a 
centrifuge and dried. 

Blowing.—The fur is next passed through a series of blowers, which 
act as elutriators and free the fur from gross material. These blowers 
consist of an automatic feeder and a rectangular compartment of two, 
four, six, or eight sections which contain revolving wire brushes. 
These brushes pass the fur from one compartment to the other by 
whipping the fur into suspension. The heavier matter which is not 
wanted drops to the bottom. The fur may be passed again through 
the same blower or through some other blower until the fur has 
been satisfactorily cleaned. Part of a four-section blower is illu- 
strated in figure 16. 

Blowing is one of the dustiest operations carried on in fur-cutting 
plants. Not only are carroted and uncarroted furs handled, but also 
cuttings from felt hats which have been shredded and are being 
reclaimed. ’ 

Storage and shipping.—All cut and blown fur is packed in 5-pound 
paper bags. Unless there is immediate turn-over, the fur is labeled 
and stored until required. Storage rooms are usually cool, humid, 
basement rooms, in which the temperature does not exceed 70° F. 
The manner of storing the cut fur is indicated in figure 17. 

In shipping, the bags of fur are placed in wooden boxes. All fur is 
carefully graded and labeled. If the fur-cutting plant is an adjunct 
of a hat factory, the bags are sent, as required, in large open boxes 
mounted on dollies. 

Superintendence.—Kach department of a fur-cutting establishment 
is under the direct supervision of a foreman or forelady. As a rule, 
each worker is paid on a piece-work basis; this requires careful count- 
ing of furs and checking and inspection by supervisors. pies in 
turn, are responsible to the plant manager. 

oe aa, machinists, electricians, grinders, and carpenters are 
employed in the large pine Their duties consist in keeping the 
building and machinery in working condition. These occupations 
are generally under the direction of the plant manager. 


GLOSSARY OF TERMS 


Blower.—Operates machine used for removing coarse hair and grit. 
Brusher.—Feeds carroted pelts, received from the piling room, 
through revolving brushes. 





FIGURE 15.—SCRAP SKIN DIGESTION VAT. 





FIGURE 16.—FEED END OF FOUR-SECTION BLOWER. 





FIGURE 17.—STORING CUT FUR. 
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Carrot.—A mixture of mercury nitrate and nitric acid. 

Carroter.—Applies mercury nitrate, either manually or by means of 
a revolving brush, to the fur. 

Chopper. Pais machine for cutting scraps of skin received 
from openers, sorters, and furriers, preparatory to placing in digestion 
vat. 

Olipper.—Keeds pelts to a revolving cutter which trims off long, 
undesirable hair. 

Drummer.—Operates large drums containing damp sawdust and 
sand, in order to soften dry and brittle pelts and to clean them. 

General utility Comprises machinists, electricians, carpenters, 
janitors, elevator men, and other maintenance workers. 

Grinder.-—Grinds and sharpens clipping- and cutting-machine 
blades. 

Ovener.—Removes heads, tails, and legs, and slits open the reversed 
pelts. 

Packer. —Ties up sorted and blown fur in 5-pound bags. 

Paster —Glues small fur scraps to manila-paper sheets. 

Piler.—Stores and moistens dried carroted skins. 

Shipper.—Ships fur received from the packers or from the store- 
room. 

Skin sorter —Counts and grades pelts. 

Sorter—Removes scraps of skin which have been cut from the 
carroted pelt by the cutting machine. 

Spreader.—Places the carroted pelts on drying trays. 

Sticker —Same as paster. Laie ks 

Supervisory.—Includes departmental foremen and fa eee piece- 
work counters and checkers, and plant manager. 

White carrot (W. C.).—A term applied to fur treated with mereury* 
nitrate and nitric acid and dried at room temperature, or temperature 
less than 140° F. 

Yellow carrot (Y. C.).—A term applied to fur treated with mercury 
nitrate and nitric acid and dried at temperatures of approximately 


240° FF. 
Results of the Engineering Study 


PRELIMINARY SURVEY 


The majority of the 36 plants covered in the preliminary survey 
were housed in old frame buildings, many of them being establishments 
of the so-called back shop variety. Only a few of the plants could be 
considered as having been well planned from the standpoint of control 
of any existing occupational hazards. 

Although insanitary conditions may not be directly associated with 
ill health, it has long been recognized that the elimination of sources of 
uncleanliness in factories is conducive to the well-being and efficiency 
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of the workers. For this reason, the general sanitary conditions of the 
36 plants were observed, and it was found that the sanitation in these 
plants was, on the whole, rather poor. An analysis of these data 
showed that 57 percent of the plants were in either a poor or bad state 
of sanitation, 33 percent fair, and the remaining 10 percent could be 
considered as having good or excellent sanitary conditions. 

The data presented in table 1 show the number of factories employ- 
ing specified numbers of workers. These figures are compared with 
data for other industries in the United States (4). The results show 
that there is a greater percentage of large plants in the hatters’ fur- 
cutting industry than in other industries in the United States. For 
example, 55 percent of the 210,959 plants covered in the 1930 United 
States Census employed less than 10 persons, as contrasted with only 
8.4 percent in the hatters’ fur-cutting establishments. In fact, 
20 percent of the 36 plants in the fur-cutting industry employed 100 
or more persons, as contrasted with only half that percentage for a 
typical industrial area. 


TABLE 1.—Comparison of hatters’ fur-cutting plants with other industrial establish- 
ments in the United States, according to number of workers 


Percent of plants with less than stated number of workers 


Number 





Type of establishment of plants | Less Less Less Less Less Less Less | 100 
. than | than | than | than | than | than | than Bl 
10 20 30 40 50 75 100 = 





All industries in the | 


United States 1......._-2 210, 959 55. 0 72.0 77.0 81.2 85. 2 88.8 91.9 8.1 
Typical industrial area 2__ 615 48.7 64.1 73. 4 iio) 80. 7 87.0 89.8 10. 2 
Hatters’ fur-cutting in- 

GUST Ye. eer = oe ae 36 8. 4 27.8 38. 9 52.8 63. 9 69. 5 80. 6 19. 4 





* 1 Persona! communication from U.S. Census, 1930. 
2 Public Health Bulletin No. 216. 


A’*comparison of industrial-welfare provisions in the hatters’ fur- 
cutting industry and plants in a typical industrial area is shown in 
table 2. It is apparent that such facilities as medical care, first 
aid, etc., are rather limited in the hatters’ fur-cutting industry, as 
compared with the same type of service in the typical industrial area. 
For example, only 5.5 percent of the employees in the fur-cutting 
trades had the services of either a part- or full-time physician, as 
compared to 15.3 percent who received this type of service in the 
typical industrial area. When one takes into consideration the fact 
that even in the typical industrial area the welfare provisions are 
rather limited, as judged by present-day standards, it is then evident 
that the hatters’ fur-cutting industry leaves much to be desired in 
providing those facilities which are known to have a bearing on in- 
dustrial health. 





| 
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TaBLE 2.—Comparison of fadustrial-welfare provisions between haters’ fur-cuiting 
industry and industries in a typical industrial area } 


Percent of persons with listed facility 


Number 


Industry of em- Sick- 
ployees | Physi- utee First-aid | Sickness | benefit 
cian room records | associa- 
tion 
ISNA MTR eT aC Dh A het ee ee ee 1, 970 5.5 10. 1 21.8 10.1 10. 1 
Py picalindustriabares "2-2 72-22. eee 28, 686 15.3 34.1 48. 5 40.0 29. 4 


1 Public Health Bulletin No, 216: The Potential Problems of Industrial Hygiene in a Typical Industrial 
Area in the United States. 


SANITARY AND OCCUPATIONAL SURVEYS 


As a result of the preliminary study of the 36 plants, it was possible 
to select 5 factories for detailed investigation. As indicated earlier, 
the first step in an engineering study of this type is the making of a 
sanitary and occupational survey. The survey form which follows 
served as a basis for these preliminary steps. On the face of this 
form, certain data pertaining to general sanitary conditions, ventila- 
tion, ilumination, and environmental conditions, as well as air-borne 
toxic substances, are recorded, while information on the various 
occupations and the particular activities and raw materials associated 
with these occupations is noted on the reverse (figs. 18 and 19). 

Items 1 and 2, on the physical structure of the buildings, have 
already been discussed. Item 3, on ventilation, is treated in a later 
section of this paper. 

With reference to item 4, namely, illumination, it is apparent that 
this type of preliminary survey does not call for actual measurement 
of the illumination in the workrooms. However, it has long been 
known that to secure the maximum average illumination over the 
working surfaces, the window-glass area should be as large as structural 
and architectural limitations will permit. Experience indicates that 
the glass area should not be less than 18 percent of the floor area for | 
glass starting 3 feet above the floor; but the best practice is to exceed | 
this minimum value, particularly if a portion of the sky is obstructed 
by adjacent buildings (6). 

With such a standard in mind, the data shown in table 3 were pre- 
pared. An examination of this table shows that 87 percent of the 
workrooms had a window-space to floor-space ratio of less than 0.20; 
in other words, the glass area was less than 20 percent of the floor area 
in 87 percent of the rooms. These data are presented merely to 
indicate the fact that natural illumination in these factories could be 
greatly improved. 

129152373 
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FIGURE 18. 


TasBLE 3.—Workrooms classified according to ratio of window space to floor space 





Rati Lessthan| 0.05 to 0.10 to 0.15 to 0.2 to 0.25 to More 
atio 0.05 0.09 0.14 0.19 0.24 0.29 | than 0.30 





Number of rooms in each class-- 11 Hol 15 4 1 3 2 
Percent of rooms in each class. - 23. 4 23. 4 31.8 8.5 Teall 6. 4 4,4 


— 





ee eee a 


19 


Before leaving the subject of general sanitation, it may be well to 
show one more analysis bearing on this topic. In table 4 a distribu- 
tion of the workrooms according to per capita space allotment is 
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| Day | Night Process {Raw Materials | Fin. Prod. 
ep Fie | FI | 
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FIGURE 19. 


shown. Good practice calls for at least 50 square feet of floor space 
per capita when the necessary corrections have been applied to the 
space occupied by machinery and other workroom objects. It is 
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apparent from this study that practically all of the workrooms in the 
five plants under study were of ample size, only one room being found 
to provide less than 50 square feet per capita. 


TaBLe 4.—Distribution of workrooms according to per capita space allotment 





Less More 
Square feet floor space per capita than ox ee ae than | Total 
200 


50 





Number ofadomsiin eachiclass=-...-.--?---5 1 iW 4 4 26 47 


Table 5 gives the number of workers, by occupation, in the 36 
plants of this industry and contrasts these data with similar informa- 
tion on the 5 plants studied in detail. It may be seen that 57 per- 
cent of the workers were males and that the occupation employing 
the greatest number of persons is that of sorting, 580 of the 2,004 
persons being engaged in this occupation. A comparison of the last 
two columns of this table gives an indication of the representative 
nature of the five plants selected for this study. In nearly every in- 
stance the percentage of workers, by occupation, in the five plants 
compared well with the figures for the industry as a whole. 


TABLE 5.—Occupational analysis of the hatters’ fur-cuttung industry contrasted with 
data secured from 5 plants studied 


Number of | Number of Total Percent of Percent of 
; : ; : : total in 5 
Occupation males in | femalesin | numberin| total in plants 


industry | industry | industry | industry | oodied 


en | ee! | SR | a | 





ONOWOLS Gate. eae eee seer coe se eee 24 133 Vey 7.9 5: 5 
Drammers*and”cleanerse-2-2e oe 57 0 57 2.8 2.0 
Skin-Sor ters. -2ceewee se nccueeereresscsesese 1B 11 24 132 RY) 
(CUD DOTS S325: A ccs a eae ee 188 0 188 9. 4 tie 
CaTroterssiesst Ses. peers ce. BE 180 2 182 9.1 7a} 
Dryersiand. Spread ers-22.6.42-26c-o-nco ence 52 45 97 4.8 7.0 
Piloiseeten eet ee tee oe ee eae ee 14 0° 14 i, 1.6 
Brushers ice cere ers were coe sess esses 74 26 100 5.0 4,4 
Pastors ands shiGhersecacecs oe anemencecacess 0 42 42 2.1 
(GHG 1S eck A Oe 2 ea eas ole kw RS 145 147 Mane 8.6 
SEONG E coe ate A a Seale ee 580 580 29.0 36. 0 
IB SOOO diana aa aie eee eae See eee if 10 .5 .6 
RSI aU OY 05) 9 joerpietes nape anecp ee Yer ae perch eg 22 0 22 Ise 2.0 
Generaletepil insti eeecc ceseeeeten 143 0 143 ast 7.9 
Blowers on G, CHODDEIS 25—.85- cece co 135 at) 135 657 5.0 
SENIOE SOLS = oe) ce ae A ee ements one 60 8 68 3. 4 (2) 
CIE eee eg ieee epee peep eres aati eat « 23 15 38 1.9 (?) 

WD Otale ser iawroccretscsteeeeesee est 1, 137 867 2, 004 100. 0 100. 0 


1 Includes machinists, blade grinders, carpenters, elevator men, etc. 
4 Included in general utility. 


OCCUPATIONAL EXPOSURE TO MERCURY VAPOR AND DUST 


Samples of mercury vapor and mercury-impregnated dust were 
obtained simultaneously for each occupation in each of the five plants 
studied. The results of the two separate analyses were added together 
in order to determine the total exposure to mercury for each occupation. 
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Table 6 shows the amounts of mercury to which workers in the various 
occupations were exposed and how much of the mercury exposure 
was due to mercury-impregnated dust and how much was due to 
mereury vapor. 

Occupations have been listed in order of mercury exposure, shipping 
heading the list. Shippers, who are employed in storerooms housing 
thousands of pounds of mercury-treated fur, have an average exposure 
of 7.2 mg of mercury per 10 m? of air. Their mercury exposure is 
almost entirely due to the mercury vapor which arises continually 
from mercury-treated fur, 93 percent of their mercury exposure being 
due to mercury vapor. Pilers have the next highest exposure, 5.4 
mg per 10 m’, and again their mercury exposure is largely due to 
mercury vapor. Like shippers, pilers are obliged to work in inade- 
quately ventilated rooms in which large quantities of mercury-treated 
pelts are stored. 

Blowers also have a high mercury exposure, 74 percent of which is 
due to mercury vapor. They work with mercury-treated fur under 
conditions which are favorable for the release of mercury vapor, and 
they are also exposed to large amounts of dust, as table 7 shows. 
Cutting and sorting are usually carried on in the same rooms and 
present almost the same mercury exposure, most of which is due to 
mercury vapor. | 

In the occupations with low total mercury exposure, mercury- 
impregnated dust constitutes a larger part of the total. Moreover, 
three of these occupations, clipping, drumming, and skin sorting, do 
not involve the handling of mercury-treated fur, and the mercury- 
impregnated dust and mercury vapor to which they are exposed must 
have come from other operations carried on elsewhere in the same 
workroom. 

These data clearly show that the greatest part of the mercury to 
which fur cutters are exposed is present in the form of mercury vapor 
and that a comparatively minor part is due to mercury-impregnated 
dust. 

The literature on mercurialism among hatters’ fur workers contains 
many statements concerning the severity of the hazard among car- 
roters. The present study indicated that carroters were exposed to 
relatively small amounts of mercury, the findings as shown in table 6, 
averaging only 0.8 mg in 10 m’ of air. 

In this connection, it may be well to point out a second phenomenon 
observed in this study. Following the preliminary survey made in 
the 36 plants, the first thought was that the small “back shop” type 
of plant, with its extremely insanitary conditions, would be the one 
in which considerably mercury exposure would be found. However, 
quantitative studies indicated that these small plants had relatively 
small amounts of mercury vapor and dust in the air, as compared 
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with the larger plants. This finding may be explained by the fact 
that the small plants do not allow stock to accumulate but work inter- 
mittently as orders are received. For this reason, very little mercury 
is handled from day to day, and practically no treated furs are allowed 
to accumulate in the factories. On the other hand, in the larger 
plants, considerable quantities of mercury are being used, and hun- 
dreds of thousands of treated skins and vast quantities of treated fur 
are continually present in the factory. In addition, large amounts of 
treated and cut fur stock are allowed to stand about in the various 
workrooms, often in those rooms where there would otherwise be no 
mercury exposure, such as those in which preliminary processes are 
conducted, as in the case of openers and drummers. The remedy for 
this situation is quite apparent, since by the simple practice of segre- 
gation it would be possible to eliminate exposure to mercury for those 
workers whose tasks do not entail the handling of any mercury com- 
pounds or treated stock. 

The exposure of workers to mercury compounds in the hatters’ 
fur-cutting industry was found to vary from a trace to a maximum 
of 10.4 mg per 10 m* in the air of the stockrooms. The effect of such 
exposures is discussed in the report dealing with the medical phases 
of the study. 


TABLE 6.—Occupational exposure of fur cutters to mercury dust and vapor in 5 plants 


Average exposure to mercury in milli- 
grams per 10 cubic meters of air 








; iy sae | Number 
Occupation jos of work- 
(tot 1) 1 ers Total | Percent 
sci Dust Vapor | dust and| total as 
vapor vapor 

SID PORSS <2. Se eee ae eee oe 12 11 0.5 6.7 fee 93 
LOT bebe) 2o8 4 oe ele ages Nee She 8 9 .3 5.1 5.4 94 
MS HOWOTS A oe oe ete A ke 26 24 1.2 3.4 4.6 74 
Cwicerssers sek teh AN A BY 26 47 .6 3.4 4.0 85 
TO NNON Sites: Oat 2 eM eS 52 197 25 3.4 3.9 87 
Biowm-turspackerses.' f5* 21g cis Sea 2 3 4 3.4 3.8 89 
(DTG NOES Hae ae eee Oe eas ee ee 16 24 iss us Sal, 74 
Hur Choppers 2k 6 bee A kN 2 2 v2 2.6 2.8 93 
IDM ORG a Oe ee ee ee 8 11 oe ee 2.5 92 
Woellow-carrot @ryerss ... 45.622. ee 6 6 1D) 15 2.0 75 
G@lnmOonSinat eee 5 Pe Fe ee 18 61 .6 9 1 60 
@hopped=turt blowers2: 10. Aw 4 8 Phe es 4 2 25 .8 1.3 61 
SMeSOMORSé oo ee 6 5 02 10 1.2 83 
White-carrot dryers or spreaders____.__._- 22 32 .6 6 1.2 50 
(APNOLGNS ee ase SiS ete ia el ae 26 40 .6 a) .8 25 
Openense sate be ST Sas eae NE 4 30 <3 24 Avi 67 
Miscellaneous (office, machinists, etc.) _._- 10 43 2 .4 .6 67 

PISO GENIE epee ates kee Ol ee mae are hs 248 Aaa eee el Sarr SB a et Pe yee 


1 Equal number of dust and vapor samples taken for each occupation. 


The present study of mercurialism among hatters’ fur workers 
afforded an opportunity to determine the effects of inhalation of 
organic dusts on workers. For that reason, determinations of dust 
concentrations were made with the konimeter. This instrument was 
used in preference to the standard impinger method, because the 
nature of the dust precluded the use of the latter device. 
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Table 7 presents the results of 112 determinations of the dust 
exposure among hatters’ fur workers. Drummers had the highest 
exposure, 16 million particles per cubic foot of air. Blowers were 
exposed to 9.4 million particies, and shippers were exposed to 1.8 
million particles per cubic foot. Judged according to present-day 
standards of dustiness, it may be concluded, on the basis of the dust 
results alone, that the dust exposure of hatters’ fur workers is not 
high enough to be inimical to health. 


TABLE 7.—Average dust counts prevailing in various occupations in the fur-cutting 
industry, based on konimeter samples 


Millions of = Millions of 
Occupation eo particles per Occupation ee particles per 
Pp cubic foot Pp cubic foot 

Drummers... = wee 4 15.,9) || \Carrotersse= eee 13 4.0 

BiOWOrss Se oe ee ee 8 Gc4yll Clip perstree. ot one es 2k 6 3.1 

SOnUGLS. -2—-.....- Serene 31 ColalS Dread ersact a eos nce e 4 2.3 

Outters=_ * A eee 18 TOF A Sippersmene eo a eee 4 1.8 

Qpenerss.é3.....2 eee 6 6.3 i a — 

Packers) to) Se ae 2 4.5 A DYOW at (abs SCE eta 2M ae Seat 
rushers... Fs. sees 16 4.2 


The Contro! of Dust and Mercury Vapor 


Three methods are employed at the present time in the hatters’ fur 
industry for the control of mercury vapor and fur dust. These are 
(1) segregation, (2) local exhaust ventilation, and (3) general natural 
ventilation. 

SEGREGATION 


As might be expected, segregation has a definite application to the 
operations in the fur-cutting establishment which are concerned with 
the handling of raw, untreated pelts, namely, openers, drummers, 
skin sorters, and clippers. Complete segregation of these occupations 
would free 21.3 percent of the fur workers from mercury exposure. 
Table 8 illustrates how exposure to mercury may be decreased by 
segregating drummers and clippers from other occupations. 


TaBLE 8.—EHxposure of hatters’ fur workers to mercury vapor and treated fur dust 
under controlled and uncontrolled conditions 


SSS 


Total mercury ex- 
posure in milli- 
grams per 10 cu- 
bic meters 





Occupation Method of control 

Uncon- Con- 
trolled trolled 

UO TUMRUIMONS =. 2 one Oo oe ORO a ee eee 2.5 0.6 | Segregation. 

eS ie Fad eee = a cee A em oats ah ae nee Ee Seine 1.5 = ah Do. 

STIS MOS re 8 abla ye gee ee ee ee Ook 1,2 | Local exhaust ventilation. 

Clitternsen ery. shes ered cee cowl Baths 4.0 1.8 Do. 

DORCGR Stee eee ne eee ete ee eee 3.8 lye Do. 

Blowerseyeesere. mol’ et erly eis ay 4.6 Al Do. 

PAULI) Hoe <eettnats tye Dan SU ape seed pamela ah aah ye faye § Trace | Good natural ventilation. 

Storage workers and shippers. -.------------------.. 7. 2 Trace Do. 


1 Depend on exhausts installed on cutting machines. 
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LOCAL EXHAUST VENTILATION 


No data are available relative to the air movements required for 
the control of mercury vapor and fur dust by local exhaust systems. 
In fact, machines used by brushers, cutters, and blowers have been 
exhausted chiefly to eliminate the nuisance caused by the dust gen- 
erated by these occupations, and even in these instances efficiency has 
generally been based on visual judgment of the degree of improve- 
ment secured. However, the presence of exhaust systems, as may 
be seen by reference to table 8, decreases the mercury exposure 
considerably. 

Brushers—The method of control used on brushing machines is 
illustrated in figure 11. The exhaust opening is located directly be- 
hind the revolving brush, and the air is drawn upward from the front 
portion of the machine, which is open. An average of 300 cubic feet 
of air per minute per machine was found to produce the improvement 
indicated in table 8. The reduction shown in this table was obtained 
in a plant in which more brushes were operated than in the plants 
without control. This fact also implies the presence of more carroted 
skins in the brushing department, which are continuously giving off 
mercury vapor. | 

Cutters.—As has been pointed out, cutting machines produce large 
amounts of dust due to vibration of the equipment and to the fan 
action of the cutting blades. Not only are cutters exposed to this 
dust, but sorters also, who work in the same room. ‘Thus, as may be 
seen from table 5, 36.3 percent of the workers in the industry are ex- 
posed to dust created by this operation alone. Persons employed in 
these occupations are, moreover, exposed to mercury vapor emitted 
by the large quantities of carroted skins and cut fur which are con- 
stantly present. The reduction of the amount of mercury present in 
the air, both as a vapor and as a constituent of dust, as a result of 
exhaust ventilation, is clearly shown in table 8. 

The manner of exhausting cutting machines is illustrated in ante 
12 and 20, the latter representing schematically the dimensions of 
the hood used. It will be noted in figure 12 that the hood is located 
immediately behind the cutting blades and draws air upward from 
the waste hopper below the machine. Of the 16 cutting machines 
equipped with exhaust hoods which were studied, it was found that 
they handled an average of 883 cubic feet of air per minute. This 
value was exceeded considerably on some machines located close to 
the exhaust fans, but the increased air flows apparently did not inter- 
fere with the cutting operations. 

Blowers.—Tables 7 and 8 indicate that blowers have high mercury 
vapor and dust exposures. This condition is due to the presence of 
large amounts of treated fur and to the nature of the work done by 
blowing machines. 





FIGURE 21.—AMERICAN-TYPE BLOWING MACHINES WITH VENTILATION ON. 





FIGURE 22.—SAME AS FIGURE 21 WITH VENTILATION OFF. 
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FIGURE 24.—HOODS USED 
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ON GERMAN-TYPE BLOWING MACHINES. 
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Two forms of blowers are used in the hatters’ fur industry, desig- 
nated as American type and German type, according to the country 
in which they are manufactured. Both types of blowers are similar 
in operation but differ in construction. American blowers are equipped 
with semicircular screened tops which permit much dust to escape, 
while the German type is constructed with a flat top having small 
screened openings near the feeder end. 

To control the dust generated by the American-type blowers, an 
almost semicircular hood concentric with the screened top of the 
bloweris used. This hood is con- Y 
structed of varnished cloth in ft 
order to reduce the weight of the 
blower top, which must be re- 
moved periodically. An adapter 
is fitted to the feeder end of the 
hood and connected to an exhaust ‘ 
leader. Air is thus drawn from 
the open end across the screened 
top of the blower and thence to 
the exhaust system. Figures 21 | 
and 22 illustrate the effectiveness — 
of these hoods. Figure 22 shows 
the presence of dust in the air 
after 30 minutes’ operation with 
the exhaust system sbut off, while 
firure 21 shows the same view 
with the system in operation. 
Detailed dimensions of the hood pyourx 20.—schematic drawing of cutting machine 
used are presented in figure 23. hood. 
Ventilation studies made on two two-section and seven six-section 
American-type blowers gave the following results: 





Cubic feet 
per minute 
@verage air flow for 2-sectiom blower_............-.0..2 Geeta 1, 840 
Average air flow for 6-section®blower 2 es eee ele 2, 330 


_ The control used in German-type blowers consists of a 45 by 40 by 
10-inch hood with a 10-inch flanged apron attached. (See fig. 24.) 
The data secured from ventilation tests in two series of German-type 
blowers gave average air flows ranging from 835 to 1,362 cubic feet 
per minute. Dust and vapor removal was found to be more effective 
with the higher air flows. 


GENERAL NATURAL VENTILATION 


This method of control was found in piling rooms and fur-storage 
basements. Because, as has been pointed out, the storage of large 
amounts of treated fur produces large amounts of mercury vapor, it 


is essential that adequate air changes be provided. Good natural 
129152274 
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ventilation was found to be effective in one piling room and one 
storage room studied. In these instances, outdoor air was forced to 
sweep through the rooms for 12 hours each day. Natural ventilation, 
however, must not be considered as adequate in every instance, unless 
there is a continuous positive movement of fresh air. 


MEDICAL STUDY 
Objectives 


The medical section of this report is intended to supply answers 
to the following general questions, among others: (1) Do the men and 
women who are employed in the fur-cutting industry differ from other 
industrial workers in any way that ought to be taken into consideration 

Best or a in making comparisons 
7 of health conditions in 

the fur-cutting industry 
and other industries? 
(2) What types of phys- 
ical defects and diseases 
were found, and how 
many people were 
affected? (3) Is ill 
health, in any of its 
COWL OF VARMISHED CLOTH manifestations, more 
EE ON HOOT aera lent inithis ina 
try than it is in other 
aid apie fg Oe industries? (4) Does 
FIGURE 23.—Schematie drawing of hood used on American type HIGECUE SS 2x pOSkre have 
blowing machines. any relation to the oc- 
currence of the physical disorders that are found more frequently in 
the fur-cutting industry than in other industries? (5) How many 
cases of chronic mercurialism were found, and what relation do these 
cases have to mercury exposure and to other conditions of the work- 
ing environment? 









SECTIOLY A-A 


General Descriptive Data 


Age distribution (table 9) is important because many diseases and 
defects become more frequent with advancing age, regardless of 
industrial health hazards. Table 10 indicates how long these fur 
cutters have been employed in the industry, exposed to whatever 
health hazards it may offer. Table 11 shows the national origins of 
these employees and their parents; it is presented because standards 
of living, diet, and the extent to which hygienic measures are prac- 
ticed in the home (all of which have a profound influence on health) 
vary greatly in different groups of recent immigrants.” 


2 Of a total of 547 employees in 5 representative fur-cutting plants, 529 were given a medical examination. 
Of the 18 employees not examined, 17 were office and clerical workers and 1 man was excluded because he 
had been employed for a long time in the hatting industry and for only a few months in the fur-cutting 
industry. 


——— 


a Iii i le a WS 


GOR at Bp EO na 


—- 


Sees 


23 


The age distributions of the male and female fur cutters studied 
are shown in table 9, where, for comparison, the percentage age dis- 
tribution of 10,143 male industrial workers employed in 10 industries 
which have been studied by the Public Health Service (25) bas been 
presented. The male fur cutters are an older group of individuals, 
on the average, than the larger group of male industrial workers. For 
instance, among the fur cutters only 36.6 percent were under 35 years 
of age, but in the other industries 54.5 percent were in this age group. 
As is often the case in industrial groups, the female fur cutters were 
younger than the male fur cutters, having an average age of 34.0 
years, as compared with 39.0 for the male fur cutters. The average 
age of the 10,143 male industrial workers was 35.3 years. 


TABLE 9.—Age distribution of fur cutters compared with age distribution of 10,143 
male industrial workers 


age dis- 

tribution 

Age of 10,143 

Male Female Male Female pos 

workers ! 
CIRCE ky Ae pe Bi ANG Wal B ohel  lpen a a Aantal 100. 0 100. 0 298 231 100. 0 
PANT AO MVGATS tester te Cod Leones c wedtice epee pres 4.7 6.9 14 16 4.9 
DOILORCLAVCAEO = ee eee oe ee eee 9.1 16.9 27 39 14.0 
DEO WGALS Sante SD aS EEL EO RP te teks Cee 11.1 19.5 Bs 45 18.3 
POG OF SACLE ES ot et te Fann ee 11.8 10.0 35 23 Wigs 
BOLO OO CV GGUS 2a 2- at R29 Phe eo eee er eon em 16. 4 18.6 49 43 15.5 
AONE OVA ANY CATS Seas re ens Stan ore ree ee eee er ee 16. 4 13. 4 49 31 ses 
Ae ICOLLU CALS E Sn en Cann eee eae ce tee ate 11.4 6. 6 34 15 8.1 
OUNLOLOACV GATS ees ree Shan hye Rene Tee ees Ne Pane 10.7 3.9 Oe 9 5.1 
SOOO OEV GAL See Rea LT aS PE ae 8 ss oe a5 7 ae 11 3 3.0 
ESE Gh GA), IS rte cast wr eect carp eae otc ance sh cpincenid 1s 2.6 5. 6 1.6 
GorGONGO WViGAES rea. ea MeN eee, A Seek pel ge Pe ee: .4 4 1 sake 
MORVCATS GUCNOYV CLs. sy ee ee nes 0 POA Wee are Bs 


1 Public Health Service Bulletin 162. 


TABLE 10.—Classification of fur cutters according to duration of employment 





Percentage Number 
Duration of empioyment a 
Male Female Male Female 

Poe SO TROT, a DOL ON aT 100.0 | 100.0 298 | 231 

IP OSORU IRV CA coe op Pre er ee tet a ee BT. 7.4 11 ily 
DT MAROC a: 01 pet oh he te ee Me Ui ag os fae ye ey At ala Te 80. 5 34. 6 91 80 
EON OLR VOCALS eos Sree coe ee cat Me ee ae aa ee es Pallets! 36. 4 65 84 
LOLGOPEA;O Vents esos 4. eA alae ee ek ee Eee 15.8 Ne 47 28 
ESCOeL ONO CALRee Heo thay ae Meenas (en we ae am aero eee me 12.4 6.9 37 16 
ZU OWA ViCBSUe Wied cok ine ak eke ea eh marie. oe Ma lea ks etl tele 23 4 
ORV ORL OP ORV IONS See etree a ao ee eI cream ee ne es ene 4.4 iG 13 2 
UU Gino VOUS. Sox 8 Poe suen. Secl sea aeh stat dn staal est setae 1.3 0 GAs ls Base OE 
BPEL OUD OMVIOOES as te oa, Me ee a een tes SU Se ae, i ae ait 0 Ieee pe 
AQIEO44-OSV OATS. awhes . ORL! tw ee we ee Eee he ee, BA aeet: BOM ail 0 PA Riss el 9 
0 0 Oi: areas oe, 


ADU COTSEATIO ON OLE Mle ca ee it ck a Meme a rae | 1, 


Labor turn-over is not great in the fur-cutting industry. In com- 
parison with 10 other industries in which studies have been made by 
the Public Health Servicce (25), the proportion of males employed in 
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the fur-cutting industry for 10 years or more (45.6 percent) is exceeded 
by 5 other industries—cigar, pottery, glass, post office, and foundry. 

It is noteworthy that a large proportion (410 or 77.5 percent) of 
the fur cutters examined in the course of this study were born in other 
countries and of the 119 fur cutters who were born in this country 97 
were the offspring of immigrant parents. It appears that this has 
been characteristic of the fur-cutting industry in this country for a 
long time. Mrs. Bates (9) noted a similar situation in 1910, and in 


TaBLE 11.—Classification of employed fur cutters according to the country in which 
they and their parents were born 


American- Foreign 


orn— 
parents | Porn 




















Country benn ta born in Total 
country | country 
specified specified 

MOCO AUCOUMtOS. co eo a A ee ea ee ee ee 119 410 529 

NSU ee Set Be eee. Sk ee ee Ss en oe oe ee 30 172 202 
CG, 5 a | a a, Sen cere SS eee Seen eee See 23 86 109 
PO OHUMS Ae: LD eee by MARES. ene oe. Deeeec Boe) oo eee ee 4 49 53 
librigiedesanjOs 22. <6 = A beet SNe te ee ee ee 22025... Sree 22 
Canpads CP ¥enehnC angina)... feos cos dn Seo meee ees 7 11 18 
OAS ONT LUN GS | Cb: ee eaomeanee ianaemmane seven Nbnenah ain <scoed | Samameampa ey 5 pct natn ears Dee Se et 8 17 
CNT XG Sed | oars (ee te Se eneNS he OS Pes Dennen ee eS Sao. 7 10 17 
GRRE. Cy: ae tee Remar artis Lehi centres SACL tral Se 7 ad? alate ES SA | etchant apt t a gee Se 1 12 13 
(CET CTU TTR, RE ha ee) AU WSU HR NS Set, Sy ee Oe ATER din 4 8 12 
PATS UIQ SEUURE ORY <2 Beco) ce eee Oe a ene kk eee ee ee ee 7 3 10 
Pouth Amenica and: Central Ameri¢ga..... doses sons ole oo cee eee eens eee eee ae 8 8 
PIG T COE, Somme ok oak reeks oS ee et a tare a ee eo 4 3 v4 
SOC Cees See ARE, Sree ANAREey CNN Te lies MRE epi PRION mreerey eens See hace 1 6 He 
PRUSSIOw.. 2 5 oak ~ oe En ee Se ee ae ee ee a ee eee mee 7 uf 
BO El PISO WEST OSE. See — a ye ae a re ee ee eee ec 6 6 
LUIGI oe es ey oe he ee a! eee ee ee 1 4 5 
WO GNEM COUREPIOSSe 5-58 Se 2 SR Le ee ee eee eer eee 16 16 


1915 Harris wrote that fur cutters employed in New York City were 
‘mainly Poles and Italians.”” Wright (24) in 1921 observed that 74 
of the 100 men he studied were either foreign-born or had foreign- 
born parents. According to Wright, most of these men or their 
parents had come from Ireland, Austria-Hungary, Czechoslovakia, 
Poland, Italy, Syria, or Germany. 

Most of the Italians and Americans of Italian parentage were 
employed in one of the five factories studied. Most of them had 
come from Sicily and southern Italy. 

The proportion of illiteracy was high among fur cutters. In order 
to detect tremors of the hand each person was asked to write his or 
her name, but 117 persons, or 22.1 percent, were unable to do so 
because of lack of education. 


Medical Findings 


In presenting the results of the medical examination, data for males 


and for females have been presented separately whenever striking sex _ 


differences were observed. Throughout the tables two groups of 
individuals have been kept separate; the first group consisting of the 
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43 persons who, because they had fine intention tremors and a com- 
' bination of certain other symptoms (to be discussed more fully in a 
later section of this report), were diagnosed as having chronic mer- 
curialism, and: a second group consisting of 486 persons who did not 
present these symptoms. 

The persons who were not diagnosed as affected by mercury exposure 
cannot properly be called a control group. Every employee in the 
five factories studied was exposed to measurable concentrations of 
mercury vapor and fur dust, and it was not possible to make a medical 
study on another group of people similar to these 529 people in age 
distribution, economic status, etc., and differing from them only in 
freedom from exposure to mercury. It is probable that a number of 
subclinical cases of chronic mercurialism are included in the group 
which was not diagnosed as mercury-affected. 


PROCEDURE IN MAKING MEDICAL EXAMINATIONS 


In this study the physical examinations were conducted in rooms 
or portions of rooms provided by the factory management. They 
were examined during the working day, one or two at a time, as they 
were sent in by the foreman. Both physicians assigned to the study 
examined each person. A nurse was present and assisted in the 
examination of all female employees. Most of the routine laboratory 
examinations of blood and urine specimens were made in a field 
laboratory. 

Because mercury exposure often tends to produce a characteristic 
type of nervousness and irritability it was necessary to exercise con- 
siderable care in conducting the physical examination to make the 
subject feel at ease. For this reason, and also in order to obtain an 
appraisal of the extent to which the individual under observation 
may have been afflicted by such nervous disturbances, the preliminary 
part of the examination, including the taking of the occupational 
history and the recording of past and present medical complaints, was 
often prolonged as much as possible. 


OCCUPATIONAL HISTORY 


In recording the occupational history of each worker an effort was 
made to include: (1) His present occupation and the length of time 
he had been engaged in it; (2) every type of work he may have per- 
formed in the fur-cutting industry and the length of time he was so 
employed; (3) a record of all the occupations in other industries he 
may have worked at from the time he first began to work; and (4) an 
estimate of the total time he was employed. As a result it is possible 
to say that, insofar as it can be ascertained from their own statements, 
none of these employees had previously worked in an industry other 
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than the hatting trades in which it is known that workmen are exposed 
to appreciable quantities of mercury. 

Thirty persons had previously worked in hat factories. Only 11 
persons employed as fur cutters at the time of examination had been 
employed as hatters within the last 5 years. Five of these 30 persons 
were diagnosed as having chronic mercurialism; 1 person had been 


Case No. OOO 


CASE RECORD 
Plant John Doe fg. Co. Date May 1, (936 Present Occupation Biowew 
Name THichard Doe Age 52 Sex Male Marital Status. @) S. We D. 
Age began work (3 Years worked 39 Racial Stock “Portudese 
Occupational History ; via 








Specific 
Occupation Remarks 
Present Blower Fur cuttin 
Prev. - 1 Section Hand ailroad 

" 2 Blower Fur ae a4 

" 3 Section Hand ' Railroad 

" 4 Labover Street 

" 5 Clevk Warehouse Otd country 

i 6 Weaver Wool ° * 
Seasonal 
employ. 
during 
occupation 
specified. 

Past Medical History (Record dates on positive history) 

Intimate contact with TB. (Relationship) No Tuberculosis No 
Pneumonia No Colitis No Stomatis No 
Pleurisy No Constipation No 
Dis. Colds H.No C. No Abdominal Colic No Abscessed Teeth None 
Dis. of Nose No Sinuses Normal Ears Normal 
Dis. of Joints No Bones Normal 


Dis. of the Nervous Systen Shakes most of the time for past year 
Dis. of the Urinary System No 

Dis. of the Skin No 

Other diseases or operations Contused wounds, 1934, from Fall. 


Present Medical History (Record dates of Onset) 


Weakness No Loss of Appetite No Loss of Weight Slight 
Sore mouth No 
Digestive Disturbances No 





Aursl Disturbances No Nasal’ Disturbances No 
Bye Symptoms No Headache No 
Psychic Disturbances No 
Tremor Marked Fatigue No 
Palpitation No Cough No 
Skin Trouble No Edema No 
Miscellaneous No 
Habits 
Sleeping Able to sleep only 3-4 hours nightly Tobacco 2O cigarettes daily 
Eating Normal Alcohol None “since shakes 
Questions for Menstr. period Reg. — Irrege — Dysmene  — 
Fancles, No. of Children Living — Dead —- Miscarriages — 
FIGURE 25. 


employed one-sixth year as a hatter, 8 years ago; a second, one-half 
year as a hatter, 4% years ago; a third, 1 year as a hatter, 38 years 
ago; a fourth, 2 years as a hatter, 63, years ago; and the fifth, 11% 
years as a hatter, 10 years ago. These figures are representative of 
the other ex-hatters. It does not appear that previous employment 
in the hatting industry influenced the results of this study appreciably. 
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PAST MEDICAL HISTORY 


During the physical examination each person was asked whether or 
not he had ever had certain diseases or defects which other investigators 
have reported to be associated with chronic mercurialism. As far as 


Physical Examination 


Blushes easily; 


General Appearance: Trem bles. Height 64% ins. Present wt. 135 Usual (YO 
. Scleral Vessels 
Eyes: Conjunctiva injected Pulillary react. RNorm.[, NemMisc. R Normal 


Vision R  -204;,L ROfso Tremor of Lids, RNemLNermSigns, L Nermal 


Cerumen accumulation 
Ears: Est. canal R ~ L a Drum membranes R L Not visible 


Hearing, (whispered voice), R ~2Y,, L ~20/, = 


Nose: Mucus Mem.Norm. perforated Sept.No Sept. dev. Re. No Le No 
Mouthbreather No 





Throat: Tonsils ~tesent-Norm.Diseased RNeL No Tongue No tremor 
Gums: Inflam. Ne Mercury line Blue line on gin ival mergins 
Mucus mem. mouth Discoloration No Inflam~ No 


Teeth: O, indicates absent., X, decayed (U) 8-7-6-5-4-3-2-1--1-2-3-4-5-6-7-8 


ve "  yrepaired., —, black (L), 8-7-6-5-4-3-2€1—) 2-3-4-5-6D-8 
Glands: Thyroid Net palpable Parotids Normal 

Of neck Cervical Normal Sub-ling. Normal Sub-max. Normal 

Epitroch Normal Axillary Normal Inguinal Normal 


Blood Pressure: Syst. 126 Diast.%O Pulse press 36 
Trembles so much it is difficult to take pulse 


Pulse: Quality Norm. Before exer. <4 After exer. After 2 min. rest 
; i Not excercise because of tremor 
Respiration: Before exer. '€ after exer. After 2 min. rest 
Chest: : Head shakes when standing in Rhomberg 
inspection Normal position. Unable to light ctparette because 


of tremor of hends. Lips tremble when 

é he attempts to Inght cigarette but do not 

Bepeneetee 7. Seceel tremble when no attempt is made to 

Auscultation Normat light it, Unable to pick 1 savette from 
floor due to tremor. Trembles more when 

aoe Normal he laughs or is annoyed, ov when a 


stranger Churse) approaches, 


Palpation Norma! 


Abdomen: Normal 








Extremities: Severe intention tremor of fingers, forearms, and arms, 


Skins: Large scar on scalp from lacerated wound , We oars ago. 


Nervous Reactions: ? : 
~~ Psychogenic Timid to pommt, of Wincing. Extremely apprehensive ; 


is @asily angered and ead depressed, 
Vegetative Blushes dee ] 3 ers pives f ree | 
Moderate bilateral cyxag fedation 
Peripherals Knee jerks R L nhowtse 
Tremor A 


Speech Hesifancy 5 blurring of words 


g Normal Paralysis No, 








Remarks: 
tremor. 
Signature Could not write because of 5 Examined by R. R. J. and PA. N. 
FIGURE 26. 


past medical history is concerned there was little to distinguish these fur 
cutters from other industrial workers. Although stomatitis has fre- 
quently been observed and reported by physicians who have made physi- 
cal examinations on hatters and hatters’ fur cutters, only five persons 
were found who were able to recall attacks of ulcerative inflammation 
of the mouth, and none of these five was in the mercury-affected group. 
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Laboratory 
Urine: Single specimen Twenty four el Amount 
Gross examination. 
Color Straw Reaction acid Spec. gr. f.016 
Albumin fine trace Sugar None Quant. Chlorides t.06 
Urobil None Hematopor None 
Micro. examination Negative Findings 
Casts Type Epith. cells Beet. 
Pus cells Red blood cells 
Bloods 
Hb. est.(Dare) 95 Color index 6 
Red cell count’ €.00 White cell count 6500 Platelet est. normal. 
Stipples per 100,000 none  Reticulocytes 0.4 Per cent. 
Anisocytosis no Poikilocytosis no Achromasia ne MWuce Roe. no 
Differential W.C. C. 
Neutrophils 56.0 
Lymphocytes 370 
Monocytes 6.0 Wassermann reaction Negative 
Eosinoph ° Blood Kehn reaction Negative, 
Basophil o 
Chemistry: Blood 
Non-protein nitrogen 20 Blood sugar 95 
Urea nitrogen net tested Blood calcium 10.3 
Creatinine tY Chlorides 347 


Snectroscopic examination of urine for mercury: Amount.64 meper 1000 ec. 


Occupational Summary 


Classification — blower 
Occupational dust eX posure _ TY million particles per cu.ft, 
Present mercury exposure — 3.2 me per. 10 cubic meters 


X-Ray of Chest 
No evidence of gross path ofog. CDue to tremor, it was 
impossible for patient to stand still). 


Diagnosis 


Severe chronic mercarialism 
FIGURE 27. 


TABLE 12.—Number and percentage of employed fur cutiers reporting a past history 
of certain diseases and physical defects 





Percentage Number 
s é No diag- No diag- 
Past medical history Chronic nosis of Chronic |, nosis of 
mercurial- chronic mercurial- chronic 
ism mercurial- | . ism mercurial- 
ism ism 
CUS), Ae ene epee nm. eae Me: ew eee 100. 0 100. 0 43 486 
Diseasesof nervous system. oe er ee 30. 2 4.1 13 20 
Operations requiring hospitalization_.....-_...-__._.__- 20. 9 29.1 9 142 
Diséasestof dieestivesy stem. * 2". = scene eee ee 16.3 13.8 7 67 
Disabling Colds: .2% 22. Bees ee oe anes ee ee 14. 0 115 6 56 
Diseases Or urinary Syston. 22 sete te oe ete eee 4.6 gia 2 21 
PUSUIMONIG ss 3 FR SS ee eee 4.6 6.8 2 33 
Stomlatitists tess Sat ee Fh ee See eee 0 POW | co eteceee 5 





ys Soe 
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With respect to nervous diseases, the fur cutters made more fre- 
quent mention of past attacks of nervous and mental disorders than 
industrial workers generally do in examinations of this kind. It is 
apparent from table 12 that the rate is considerably higher among the 
group with other symptoms of chronic mercurialism than it is among 
the nonaffected group. In this, and in the other diseases and defects 
listed in table 12 the differences in rates between males and females 
are statistically insignificant. 

The proportion of persons wha reported past attacks of digestive 
or urinary disturbances is not high in comparison with employees of 
other industries. Among apparently healthy brass founders (30) 17 
percent reported digestive disturbances. The proportion of people 
who had ever had operations requiring hospitalization does not seem 
to be excessively high, in view of their age. 

The proportion of fur cutters who reported that they had ever had 
pneumonia, namely 6.6 percent, seems to be fairly low. The incidence 
of pneumonia was no higher among persons who had a tremor than it 
was among those who had had no tremor. Similar considerations 
enable one to dismiss disabling colds from consideration as a possible 
consequence of exposure to mercury vapor and fur dust. Diseases of 
the sinuses, joints, or skin, were so few in number that they were not 
significant. 

PRESENT MEDICAL HISTORY 


When one comes to the disorders present at the time of the exami- 
nation of which the afflicted persons were aware, the differences 
between groups affected and not affected by mercury exposure and 
also between fur cutters and other industrial employees become more 
pronounced. 


TaBLE 13.—Number and percentage of employed fur cutters who complained of 
certain conditions present at the teme of examination 


Percentage Number 
; No diag- No diag- 
Present complaint Chronic nosis of Chronic nosis of 
mercurial- chronic mercurial- chronic 
ism mercurial- ism mercurial- 
ism ism 
NGG hee pet Se Fae eee Ee ee keto 100. 0 100. 0 43 486 
Psy chicidisturbances a2 a" att ae Ree ee So 37.2 4.3 16 21 
BVIVESULVEUIUULDA NCS i sl2o sec toes te ted en eet de lee es 23.3 7.4 10 36 
ANSON Ae selec eee eS ee le 5 fe oe pe eek oth 20.9 5.8 9 28 
Dest CLC NONe 6-22 Sree mee eI e be ee wee eas 16.3 3.3 i 16 
SIRO Te 3S eet Ra Se Ee ER re Be Be ek ed ee 14.0 .8 6 4 
Admittedly excessive use of alcohol_-._-__---_-_--+----- 11.6 10.3 5 50 
hossjof weight. ssi le.) neces te eee hs 11.6 1.9 5 9 
SOLe MOU RE ee eeete et eee eee eos eae ate oe 9.3 1.6 4 8 
NVVIGEIKANIG SSE miei re Ra A ew Le Ae eit Sa Se AT ee as 4.7 2.3 2 It 


129152—37——5 
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In table 13, as in table 12, the most conspicuous difference between 
the two groups concerns the functioning of the nervous system. 
More than a third (37.2 percent) of the affected fur cutters were 
aware that they had nervous disorders that interfered with their 
activities. ‘These persons complained, for example (without being 
prompted or urged), that they were excessively timid and easily 
embarrassed in the presence of strangers, that it was hard for them 


to get along with their families or with their fellow employees, and 


that they were very easily angered. This type of disorder has 
attracted the attention of everyone who has studied the hatting and 
fur-cutting industries and many striking examples of the extreme 
forms of this disorder are on record. Indeed, it is probable that the 
colloquial phrase, ‘‘mad as a hatter’? may have been coined to describe 
this condition. 

An interesting characteristic of mercurial tremor is that only 6 of 
the 43 persons in whose hands or face fine intention tremors were 
detectable were aware they had the ‘‘shakes.” In its early stages 
mercurial tremor does not interfere greatly with the execution of 
movements that have been practiced so long that they have become 
habitual. Four persons who did not have a detectable tremor at the 
time of the examination nevertheless complained of this condition. 
It may be that these represent subclinical cases of mercurialism. 


It must be remembered that an absence of short duration from mer-_ 


cury exposure will arrest mild cases of mercurial tremor. 

A large proportion of the persons who had other symptoms of 
chronic mercurialism complained of digestive disturbances present at 
the time of examination. The percentage of nonaffected persons 
who complained of digestive disturbances was no greater than one 
would expect to find in the general population. Complaints of 
insomnia, loss of appetite, and loss of weight were also more frequently 
noted in persons who had tremor and other symptoms than in non- 
affected persons. Many persons complained they had two or more 
of these disturbances. Other physicians have mentioned these con- 
ditions in discussing chronic mercurialism, and although they are not 
the most important symptoms, nevertheless, they deserve attention. 
Weakness, which has also been regarded as a consequence of mercury 
exposure, was not a complaint of many persons. 

Twelve people, four of whom were poisoned, complained of sore 
mouth, but none of them had the severe ulcerative form of stomatitis 
that is described in the older literature on chronic mercurialism. 
The number of people, however, who had oral pathology of other 
types was rather high; this will be discussed more fully in a later 
section. 

Specific inquiry concerning the possible presence of a number of 
other pathological conditions was made of each person examined. 
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None of these conditions occurred with sufficient frequency to warrant 
inclusion in the tables. 


PHYSICAL EXAMINATION 


After the data obtainable by questioning had been recorded, the 
subject’s height and weight were measured, and an examination of 
eyes, ears, nose, and throat was made. Special attention was given 
to the mouth because of the frequency with which oral pathology is 
mentioned in the literature of chronic mercurialism. Blood pressure 
was measured with a standard mercury sphygmomanometer with the 
subject in a sitting position. Pulse rate and respiratory rate were 
recorded. The subject was stripped to the waist, and the condition 
of the skin and the presence or absence of occupational stigmata 
was noted. The chest examination consisted of inspection, palpation, 
percussion, and auscultation of the heart and lung fields. A roent- 
genographic examination of the chest was made, including fluoroscopy 
and the preparation of a flat film for subsequent study. Special care 
was exercised in making the neurological study. 

Blood samples for microscopic study and for hemoglobin determi- 
nation were taken from an ear lobe or from a finger tip. Blood samples 
(6 to 10 cc) for chemical analyses were drawn from the median basilic 
vein. Samples of blood serum were inactivated by heating at 56° C. 
for 20 minutes, and were mailed either to the National Institute of 
Health or to the Connecticut State Department of Health for Kahn 
and Wassermann tests. 

Each person was given a container in which he was asked to bring 
a 24-hour sample of urine. On this sample, in addition to the standard 
chemical and microscopic tests, quantitative spectrographic estima- 
tions of mercury content were made. 

_  Pallor.—A slight or moderate degree of pallor was observed more 

frequently in individuals with the symptoms of mercurialism than in 
other persons (18.6 per cent as compared with 1.2 percent). Since 
pallor is often associated with a decrease in the number of red-blood 
cells and a decreased hemoglobin content of the blood, it seemed to be 
of interest to see whether this was true of these individuals. Blood 
drawn from the nine males with pallor (seven of whom were diagnosed 
as having chronic mercurialism) had an average red-cell count of 4.45 
+0.10 million per mm? which is definitely lower than the average value 
for the 260 males not affected by mercury exposure, 4.93-+0.02. 
Likewise, the hemoglobin content of the blood of these nine males with 
pallor (76.3+0.96 percent) is much lower than the average value for 
all the males in the study (82.20.83). Only one man had an abnor- 
mally high reticulocyte and stippled-cell count; all others were within 
normal limits of variation. Similar relations hold for the red-cell 
count and hemoglobin content of blood samples taken from the five 
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TABLE 14.—Summary of the results of physical examination of 529 fur cutters 





\ 


Percentage Number 
No diag- No diag- 
Impairment Chronic | nosis of | Chronic | nosis of 


mercuri- | chronic | mercuri- | chronic 
alism mercuri- alism mercuri- 





alism alism 
otal mum ber Of. POLsONS. 2282 ass. eee ee 8.1 91.9 43 486 
IPA MO. 2 Agee en oe Be a, ee ee eee eee 18.6 12 8 6 
Eyes: 
DD OLO CHIC AVISIO Me ee eek es coh Se 2 eee * 29.4 sal 110 2 46 
Conjunctivainiiam eds ss sve erry er eas ee eres es 20.9 9.0 9 44 
Conjunetive javnediced.. =. 5 5-2 ee ee es es 2>8. DS 1 Ly 
Ears: 
COLMA ERRATLEG HE Raine Sn MRS ey ee ee eee eee 2.3 .8 1 4 
Perforavedveardrumts 2202 Soe seee ees £55 eee ee 4.6 3. 5 2 17 
WOCIOCTBVCMNO ALIN ON 2 54 cette ax. See pe Ren eats oe 4.6 MO 2 17 
Nose: Simple inflammation of nasal mucous membrane-_------- §3.5 8a) 1 23 161 
Mouth and throat: 
Ginsivitisdneludine pyorrhea) 2: tua 2 faites fee) ee 46. 5 36. 6 20 178 
Dry, white discoloration of mucous membranes_---___------ ov 25.5 16 124 
Dry coppery discoloration of mucous membranes-____- ee 11.6 4.7 5 23 
ExbOnsl Veidentalremair sesteaes ee SE 25.6 16.9 ll 82 
Demtal eames wiih Parti aeys Aerts OT! A Ay Or). 16.3 16.0 7 78 
Gior more: eet hb WSS es <p e ee e  e S 32. 6 3.9 14 19 
Ad. Geeklemanssine- =! VV OP vere Te tee Pir 9.3 1.4 4 7 
CR POTIG HOS UTHER es Si ee eR es eda 4 6.8 ¥. 33 
Excessiversalivary flow. .-..... cf Sas soe eee eee Coie 14.0 .8 6 4 
Darke NmMOcOmuo UNS e ose he Ee Ss ee CSS ee = See 7 0 
INTeRGUrIal ShOmMaAtiTigeL fits 12 SSS. SP. h Oe SP eee Fy eNOS aN ra aS 0 0 
Glands: 
ibnidpeed thyroiolands.- steer es tee ee Pee 14.0 10.3 6 50 
Rar eOGuCenVECAl CHAT Sos kee fe cee a a he A ey 22 0 n 
Hnilarced epijrochiean glandsc)- £2 v2 ee ee ae Red) 3.3 3 16 
BITMAP SOG elev OOO Sten a oes ees Ss or a ts Seas el a LO 0 5 
Bniarzed submaxillary glands? sc.) FEL et eee eee Satz .6 0 3 
CREM ORAL ae MO gible 25, eee en ge hee ee Te 3.5 0 17 
Heart? Valvular heart: disease: ...2 3.0222. SS fe Meh in OS UT 4 Sey WH, 1.0 0 5 
Lungs: 
Persistenticoarserrales:. 14: Fite Peete Pee ie 7.0 12 3 6 
HIMOvINOISb TAOS. otk Beet eke Sa ca ke py A ae eae ee eee | ea 0 0 
Nervous system: 
Fine intention tremor of any part of body__-.._.._...___--- 1005 Ops pees Se 43 0 
Hine intention WromorOldin persis 2 So PEL UPSee se iste TOC aE, PAE SE 34 0 
Mineuntentionltremoromeyeldss 2. = i228 See eee ee ee GOS8M a2 ee 27 0 
Fineantention tremor ofitongues. $2)..0 sai sat Se ass 46.5 0 20 0 
Fine intention tremor of other members-_-__-___._-__--._--- POs Onlbat ee Sees 11 0 
Fine intention tremor as shown by shaky signature___-___-- ie Ate Rede aes 16 ie 
IP Sy CHV HY PIL AUG ysece CAs oe eye a ee ae cp Real ee 79.1 1.0 34 5 
Speseh Gerechs a a2 Pato clon ene Nets cape cced eeedaseee Ss 18. 6 .4 8 2 
A ae praned KNOG, |ObKs tthe ell oe ee eee 20. 9 4.3 9 21 
OSL Y OUVOMLIDELS Westnet ls eo ee re Te eee His .4 1 2 
OTM AOSTA DIRe ees Kosh kts. ee a Sat et 11.6 8 5 4 
Bitishes abnormally. 2 sft tte PVC Eee Seer Ee 25.6 2 11 1 
IDXCESGIN espersMingtiONe:2 8 te Sa LE ice ee ye Se 11.6 2 5 1 


134 persons tested. 

2419 persons tested. 
women with pallor. These 14 persons with pallor had, on the average, 
a greater exposure to mercury than most of their fellow-workers; 
their average length of employment in the fur-cutting industry was 
11.6 years, and their average exposure to mercury vapor was 2.7 mg 
per 10m’, 

Vision.—The vision of 453 of the employees was tested, using 
Snellens’ chart. Sixty-one persons, 10 of them having symptoms of 
chronic mercurialism, had defective vision (20/50 or less in each eye or 
20/70 in one eye and 20/30 or less in the other). The possibility that 
defective vision may be a consequence of mercury exposure is impor- 
tant enough to warrant a careful ophthalmological study. These data, 


Oo 


collected under unsatisfactory conditions, are not adequate to answer 
this question definitely. 

Conjunctiva.—All of the cases of inflamed conjunctiva were of the 
relatively mild, noninfective type, resembling the inflammation pro- 
duced by irritation. It is difficult, if not impossible, to trace the cause 
of this inflammation to a specific irritant present in measurable 
amount in the working environment. The two occupational groups 
in which inflamed conjunctiva was most common, namely, blowers 
and drummers, are the occupational groups exposed to the highest dust 
concentrations, as shown in table 8. Eight of the 15 blowers and 4 
of the 10 drummers were so affected. The blowers are exposed to 
high concentrations of mercury and the drummers to low concentra- 
tions, as table 6 shows. From this alone one might be led to conclude 
that dust was responsible for this condition. Nevertheless, if the 
other occupational groups are arranged in order of dust concentration, 
the incidence of inflamed conjunctiva does not vary in any regular 
way with dust exposure. Moreover, the incidence of this disorder 
was nearly as high among the carroters as it was among the blowers 
and drummers, 12 out of 40 being affected. The carroters are exposed 
to small amounts of mercury vapor and dust, but they are also exposed 
to acid fumes arising from the carroting solution. No definite rela- 
tion to mercury exposure is discernible. 

The proportion of individuals with jaundiced conjunctiva is no 
greater than in nonindustrial populations, and none of the cases 
observed was of a severe type. 

Hearing.—Each employee was given an otoscopic examination, and 
his ability to hear the examiner’s whispered voice at different distances 
was noted. The hearing tests were made in noisy places, and caution 
should be exercised in their interpretation. The percentage of fur 
cutters found to have chronic otitis media, as indicated by evidence of 
pus exudation or characteristic changes of the eardrum was 0.8, and 
the percentage with perforated eardrum was 3.5. Sydenstricker and 
Britten (46) reported (p. 88) that the incidence of otitis media in 
100,924 white males was 0.96 percent and the percentage of men with 
perforated eardrum was 0.88. 

Nose.—Upon examination with the nasal speculum a large propor- 
tion of the fur cutters were found to have simple inflammation of the 
nasal mucous membranes. Although comparable data on other popu- 
lations are not available the proportion of people with this type of 
inflammation appears to be unusually high. Persons who had tremor 
and other symptoms were affected to a greater degree than persons who 
did not have these symptoms. ‘The data of table 7 were used to find 
out whether high atmospheric dust concentration was associated with 
a high incidence of inflammation of nasal mucous membranes, but 
no definite correlation could be found. 
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Oral cavity.—Oral pathology has been so frequently discussed as 
a consequence of long-continued exposure to mercury vapor that it 
deserves special consideration. When mercury vapor is administered 
as a therapeutic agent in the treatment of syphilis it is well known 
that gingivitis and increased salivary flow result from heavy or long- 
continued dosage. Fraser, Melville, and Stehle (13) produced gingi- 
vitis in dogs by exposure to mercury vapor. Among fur cutters, the 
incidence of pathological conditions of the mouth is uniformly higher 
among persons with tremor and allied symptoms than among other 
persons. 

Several generalizations on the subject of oral pathology may be 
made before discussing the individual disorders in detail. (1) None 
of the severer forms of pathology that have occasionally been attrib- 
uted to chronic mercurialism (such as ulcerative mercurial stomatitis, 
the loss of large numbers of teeth, and severe degrees of pyorrhea) 
were observed in these fur cutters. (2) It is obvious that the general 
living conditions of these individuals, and possibly the extent to 
which they practiced oral and dental hygiene, may have a great 
deal to do with the occurrence of these conditions. Since many of 
these people are fairly recent immigrants, it is likely that they may 
have differed in both respects from the populations for whom data 
on mouth pathology are available, and this makes it doubly difficult 
to assess the part mercury may have played in producing these dis- 
orders. (8) In the case of pathological conditions that are as diversely 
described and interpreted as these, it is not surprising to find great 
differences in the incidence of these conditions in the published reports 
of different physicians. Consequently, it is difficult to decide what 
the incidence of these conditions in a “normal” population might be. 
(4) Many of the conditions listed in table 14 as disorders of the mouth 
and throat represent different degrees of damage to the oral cavity 
which may be merely stages in a general pathological process. 

Gingivitis (including both pyorrhea and gum inflammation in 
which pus exudation was not demonstrable) was somewhat more 
prevalent among persons with chronic mercurialism than it was 
among persons who were not so diagnosed. In view of the importance 
attached to gingivitis as a symptom of chronic mercurialism by other 
investigators a study of the relation to age and mercury exposure was 
made. 

A tabulation of the percentage of men and women in different age 
groups who had gingivitis is presented as table 15 which shows that the 
incidence of gingivitis increases with advancing age. Although the 
percentage of males with gingivitis is slightly higher (40.3) than the 
percentage of females (85.1) the only age groups in which the rates 
for males differ greatly from the rates for females are the ones in 
which the number of individuals is small. It is in the age groups 
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between 30 and 50 years that the incidence of gingivitis in the mer- 
cury-affected group is higher than the average for those age groups. 


TaBLE 15.—Inetdence of gingivitis at different ages 


Males Females 
Age Number Number Percent Number Number Percent 
in age with with in age with with 
group gingivitis | gingivitis group gingivitis | gingivitis 
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Sydenstricker and Britten (47) have published similar data for 
100,924 white males, holders of life-insurance policies. If one adds 
their figures (p. 123) for the number of persons diagnosed as having 
pyorrhea and slightly infected gums, groups their data by 10-year 
eroups instead of 5-year groups, and divides by the population of 
these age groups, rates of incidence are obtained which are about half 
as high as the rates for male fur cutters in the corresponding age 
groups. The 100,924 insurance policyholders and these 529 fur 
cutters differ so greatly in education, employment, and economic 
status that it would be unwarranted to assume that the difference in 
incidence of gingivitis could be due to mercury exposure alone. 

The incidence of gingivitis appears to have no direct relation to the 
degree of mercury exposure. The number of cases of gingivitis was 
tabulated as in table 28, classified according to length of employment. 
and mercury-vapor concentration. The incidence of gingivitis was 
no greater in groups of people with a high mercury-vapor exposure 
(over 2.5 mg per 10 m?) than it was for groups of people with a low 
mercury-vapor exposure who were employed for the same length of 
time. 

All of the forms of dental pathology listed in table 14, with the 
exception of caries, also were more prevalent among mercury-affected 
than among nonaffected persons. 

There is no real difference between the incidence of chronic tonsil- 
litis (as characterized by enlargement, redness, presence of caseous. 
material or pus in the tonsillar crypts) between persons who had the 
symptoms of chronic mercurialism and persons who did not have these 
symptoms. In comparison with other industrial groups it does not 
appear that these rates are at all excessive. Comparisons of this. 
kind are made difficult by the differences in diagnostic standards: 
employed by different examining physicians. 
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Two kinds of discolorations of the oral and nasal cavities were 
observed, one of them white and one of them a rich coppery color. 
Both types were dry and glistening and, when present, usually 
extended over the entire oral mucous membrane as far as the upper 
portion of the pharynx and the vestibular portion of the nasal mucous 
membrane. The coppery discoloration has been mentioned frequently 
by writers on chronic mercurialism and it has been illustrated in color 
by Baader and Holstein (8); the white discoloration has been less 
frequently discussed. 'These conditions were found most frequently 
in persons exposed to a combination of high mercury-vapor concen- 
trations and large amounts of fur dust, among blowers, and blown- 
fur packers for instance. These conditions were also associated with 
tremor and allied symptoms. 

Six men and one woman, all of whom had fine intention tremors, 
had dark lines on their gums closely resembling the Burtonian line of 
lead poisoning. This line, which has been noted and variously 
described by almost every physician who has published an account 
of chronic mercurialism, appeared as a narrow, irregular row of closely 
set, bluish-black dots running roughly parallel to the gingival margins. 
The colored plate published by Baader and Holstein (8, Abb. 8) is a 
fairly accurate representation of the condition observed in these fur 
cutters with but two exceptions: No lines of this kind were observed 
on the buccal portion of the lips, and the advanced stage of dental 
pathology there represented was not characteristic of these seven 
cases. The individuals in whose mouths dark lines were found had 
no more and no less than the usual number and degree of pathological 
conditions of the mouth. Four of these persons (three of them 
blowers) were working in air containing more than 2.5 mg of mercury 
vapor per 10 m? at the time of the study, which represents more than 
an average exposure to mercury, as table 27 shows. ‘The shortest 
length of employment in the fur-cutting industry resulting in a dark 
line on the gums was 2% years. 

Excessive salivary flow, long considered to be a cardinal symptom of 
chronic mercurialism, was observed in 10 fur cutters, all but 3 of 
whom were working in atmospheres containing more than 2.5 mg of 
mercury vapor per 10 m? of air. No case of excessive salivary flow 
was observed in persons exposed to less than 1.0 mg per 10 m°’. Six of 
these 10 persons had fine intention tremor. No cases of ulcerative 
stomatitis, which has been regarded by some writers as a symptom of 
chronic mercurialism, were found. 'Tylecote (22) also did not observe 
any cases of ulcerative stomatitis in the 20 cases he reported. 

Glands.—No cases of generalized glandular enlargement were found. 
Likewise, considering one group of glands at a time, there was no 
type of glandular enlargement that was consistently associated with 
mercurialism. 
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Thyroid—There was no discernible relation between thyroid enlarge- 
ment and duration of employinent in the fur-cutting industry, either in 
men or in women. Examinations to ascertain the presence of thyroid 
enlargement were made in accordance with the procedure recom- 
mended by Olesen (44) which takes into account small deviations from 
normality. The rates for men (8.1 percent) and for women (13.9 
percent), based on all of the 298 men and 231 women examined are not. 
particularly high, taking into account such comparative data as are 
available. The absence of an unusual prevalence of enlarged thyroid 
is of importance because of a possibility that the tremor observed in 
this study might have been caused by a thyroid disturbance instead of 
mercury exposure. Only 6 of the 43 people afflicted with tremor had 
enlarged thyroids, a proportion only a little higher than among persons 
who did not have tremor. Four of these poisoned cases were 1+ and 
two were 2+ according to Olesen’s classification. 

Heart.—Only 5 cases of chronic valvular heart disease were found 
among the 529 fur cutters (0.94 percent), and all of these were fully 
compensated. The incidence of valvular heart defects is lower than 
in the 10,143 male industrial workers discussed by Britten and. 
Thompson (25); of whom 3.6 percent had defects of the mitral, aortic, 
or tricuspid valves (p. 112); and it is also lower than the incidence of 
valvular heart defects in the 100,924 white males discussed (p. 88) by 
Sydenstricker and Britten (46). 

Chest.—In the older medical literature deli with the fur cutting 
industry the belief has been frequently expressed that pulmonary 
tuberculosis was more prevalent than usual in this industry. Also,. 
since large amounts of fur dust (see table 7) are in suspension in the 
air of the workrooms, it seemed desirable to ascertain whether lung 
pathology was present which could be attributed to dust exposure. 
Accordingly, each person was subjected to a fluroscopic chest exami- 
nation and a flat X-ray film was made for subsequent study. 

Roentgenological findings indicative of active pulmonary tuber- 
culosis were not observed in any of the individuals studied. There 
was no indication that exposure to fur dust had resulted in any 
detectable lung pathology. This is in keeping with the previously 
reported findings (29) of the Public Health Service that exposure to 
organic dusts alone does not result in pneumoconioses. Only two 
men were found whose lungs exhibited fibrotic changes symptomatic: 
of pneumoconiosis. Upon questioning these men about their previous 
employment it was found that both men had been employed in an 
industry in which they were exposed to inorganic dust for a sufficient. 
time to have caused the fibrotic changes which were noted. 

Tremor.—In the differential diagnosis of mercurial tremor the. 
possibility that the tremor may have been due to multiple sclerosis, 
paralysis agitans, exophthalmic goiter, chronic alcoholism, or senility 
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was considered. ‘These possibilities can be excluded because the other 
symptoms of these conditions were absent in the 43 individuals who 
were considered to have mercurial tremor. Thus, these individuals 
did not have the diminished abdominal reflexes, nystagmus, or bladder 
symptoms characteristic of multiple sclerosis. Paralysis agitans is 
accompanied by a characteristic masklike expression, and its tremor is 
not wholly an intention tremor. 'The absence of a direct relationship 
between thyroid enlargement and tremor has already been discussed 
and that circumstance, together with the absence of exophthalmia and 
other characteristic signs eliminates the possibility that the tremor 
may have been due to exophthalmic goiter. The tremor due to senility 
rarely begins before the age of 70. The tremor associated with chronic 
alcoholism is finer and more regular than the mercurial tremor. 
Biondi (10) has discussed the differences between the tremors asso- 
ciated with these conditions in detail. 

Fine intention tremor has a two-fold significance. It is not only 
pathognomonic of chronic mercurialism but, in its advanced stages, 
it becomes disabling. ‘There is general agreement on the character- 
istics of mercurial tremor. As it was observed in 43 fur cutters, it is a 
fine intention tremor, that is to say, it is a rhythmical, trembling 
movement of slight amplitude, 5 to 8 movements per second, which 
increases in extent when the subject attempts voluntary movements. 
When present, the tremor affected both sides of the body to an equal 
degree. It was most frequently observed in the hands and fingers. 
Next, in order of frequency, came tremors of the eyelids, tongue, 
arms, cheeks, lips, forehead, head, and legs. Only one case was 
observed in which the entire body was affected. 

Specimens of handwriting of four persons who had different degrees 
of fine intention tremors are presented in figure 28 which illustrates 
certain characteristics of mercurial tremor. One feature is the exag- 
geration of the tremor at the moment the subject begins to make a 
movement requiring close attention. An inspection of the samples 
of handwriting (fig. 28) shows that in all four specimens the capital 
letter (the first letter the subject wrote) is much more shakily written 
than almost any other letter; in the name “Joseph’’, for instance, the 
upper loop of the initial letter ‘“J’’ is the only imperfection in an 
otherwise steady signature. In this individual, tremors were detect- 
able only in the hands and eyelids. The specimens at the upper right 
and lower left of the figure were written by persons with more ad- 
vanced stages of mercurial tremor. It may be necessary to note that 
it is not the crudity of formation of letters that is under discussion 
here; it is the involuntary, wavering movements of the pencil point 
from side to side as the letters were written, and the diminution of the 
unsteadiness as the writer proceeded. ‘The person who wrote the 
word “February” in the lower right-hand corner had the most 





FIGURE 28.—SPECIMENS OF HANDWRITING OF PERSONS WHO HAD FINE INTENTION 
TREMOR. 
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advanced stage of tremor of any of the four. He became discouraged 
and stopped several times during the writing of this one word, but 
each time he was persuaded to continue until he had finished. 

Psychic disturbances.—A diagnosis of psychic irritability was made 
when an individual had several of the following characteristics in 
abnormally exaggerated degree; irascible temper, discouragement 
without cause, feeling of depression or despondency, excessive embar- 
rassment in the presence of strangers, timidity, a desire for solitude, 
anxiety, excitability, inability to take orders, or a strong feeling of 
self-consciousness. 

The difficulties in making appraisals of this kind are so obvious 
that they need no discussion. Any of these characteristics can be 
found in individuals who have had no known mercury exposure 
whatsoever, and psychiatric literature is filled with discussions of the 
varlous causes of disturbed mental states such as these. Four facts 
can be adduced to show that these disturbances actually are a conse- 
quence of exposure to mercury: (1) These disorders are closely con- 
nected with other symptoms of chronic mercurialism; 79 percent of 
the people who had fine intention tremor had psychic disturbances 
also, and only five persons who did not have discernible mercurial 
tremor had mental disturbances of this degree. This kind of relation- 
ship will be more fully discussed in connection with the data of 
table 27. Moreover, there was a direct parallelism between the 
degree of severity of tremor and the degree of deviation of the indi- 
vidual from normal standards of behavior, the advanced stages of 
tremor usually being accompanied by the most abnormal psychological 
states. (2) These phenomena have been noted by almost every 
writer on chronic mercurialism in modern times. Indeed, certain 
physicians have gone so far as to regard psychic disturbances as the 
earliest and most characteristic symptoms of chronic mercurialism 
resulting from exposure to low concentrations of mercury. (3) Dis- 
orders of this kind have been reported to be prevalent in industries 
which manufacture or make use of mercury, but which differ from 
each other in most other respects. (4) There is a close relation 
between mercury exposure and the occurrence of psychic disturb- 
ances. Without attempting to make allowances for duration of 
exposure because of the relatively small number of cases with which 
we have to deal, the following data may prove to be instructive: Of 
the 107 workers exposed to less than 1.0 mg mercury vapor per 
10 m’, 4 (or 3.7 percent) had psychic disturbances; of the 278 persons 
exposed to more than 1.0 but less than 2.4 mg per 10 m?, 10 (or 3.6 
percent) were so affected; of the 144 persons exposed to more than 
2.5 mg per 10 m’, 25 (or 17.4 percent) had psychic disturbances. 

A distinctive type of speech defect was found frequently among 
persons with tremor and allied symptoms. ‘This defect, often referred 
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to as scanning speech, is characterized by a slight or moderate slurring 
of words, hesitancy in beginning sentences, and a kind of difficulty 
in pronunciation that is quite different from the difficulties encoun- 
tered in speaking an unfamiliar language. Six cases occurred in the 
persons diagnosed as having moderate or severe chronic mercurialism, 
and four of these cases had a tremor of the tongue which may have 
contributed to the speech defect. Eight persons, upon questioning, 
said they had not had this impairment of speech before beginning 
work in the hatting trades. Two cases occurring among nonaffected 
people, however, had been present since childhood. 

Knee jerk.— Exaggerated knee jerk was found about five times as. 
frequently among persons with chronic mercurialism as it was among 
other persons, and this difference is statistically significant. In a 
study of garment workers carried out by the Public Health Service 
(28) 8 percent of 1,958 males were considered to have exaggerated 
patellar reflexes; this is a little higher proportion than the value for 
persons who did not have tremor (4.3 percent) but it is much lower 
than the percentage value for the persons who had tremor (20.9). 
Several physicians have mentioned exaggerated knee jerk as a conse- 
quence of mercury exposure, among them Adler (7), Tylecote (22), 
and Jacobsohn (16). Four-fifths of the persons with exaggerated 
knee jerk were working at the time of examination in atmospheres: 
containing more than 1 mg of mercury per 10 m*% of air. When this: 
condition accompanied fine intention tremor, the tremor was usually 
more pronounced, and affected a greater portion of the body than 
when exaggerated knee jerk was absent. 

Vasomotor disorders.—Red, stable dermatographia, excessive per- 
spiration, and abnormal readiness to blush are particularly common 
among persons who were exposed to the higher mercury vapor con-- 
centrations, and among persons who had the symptoms of chronic 
mercurialism. Among 138 employees of a mercury smelting plant,, 
most of whom were suffering from mercurialism, Weger (23) observed 
dermatographia in 79 percent, hyperhidrosis in 56 percent, and other 
vasomotor disturbances in 38 percent of the men examined. Inci-: 
dentally, 35 percent of these men had mercurial tremor. Disorders. 
of this kind present in the degree in which they may be observed in 
persons exposed to mereury, are uncommon in industrial populations... 

Structural, anatomical defects such as hernia, varicose veins, anky- 
losed joints, muscular atrophies, and missing members were found so: 
infrequently that there seemed to be no need to tabulate them. 


BLOOD PRESSURE 


The data on blood pressure have been presented in table 16 and in 
figure 24 in the form of average values for males and females of certain 
age groups. The average blood pressure values for a large mumber of 
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male industrial workers examined in the course of 10 earlier surveys 
carried out by the Public Health Service (25) have been plotted in 
figure 29 for purposes of comparison. 


TABLE 16.— Average blood pressures for male and female fur cutters, classified by age 
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All of these values show an increase with advancing age, as is to be 
expected. There is a very close correspondence between the average 
systolic pressure for male fur cutters and the average systolic pressure 
for other male industrial workers of comparable age. The relatively 
low systolic and diastolic pressures for the five male fur cutters aged 70 
and more is of doubtful significance, and any interpretation must 
necessarily be speculative in nature. The average diastolic pressures 
of the fur cutters are consistently higher than those of the comparison 
croup for all ages, and as a consequence the values for pulse pressure 
are lower than the values for other male industrial workers. There 
is a possibility that this difference may be due to a difference in the 
technique employed by the two physicians who examined the fur 
cutters. Accepting the values as they stand, it does not appear that 
many individuals had abnormally high diastolic pressures. Since the 
systolic pressures of the two groups are in good agreement, and since 
the differences in diastolic pressure are no more pronounced than they 
are, it appears reasonable to conclude that with respect to blood 
pressure the male fur cutters were essentially normal. The blood 
pressure values for individuals with tremor were not abnormal. 

Reiselman (18), in describing workmen employed in a mercury 
smelter where high concentrations of mercury vapor prevailed and 
where, as a consequence, there was a very high incidence of acute, 
subacute, and chronic mercurialism, reported that the average 
systolic pressure for males did not vary with age; the average for the 
age group 21 to 30 being 115 mm Hg and the average for the age group 
31 to 40 being 114. He regarded these values as abnormally low and 
considered that the diastolic pressures he found for these age groups, 
77 and 79, respectively, were normal. The forms of mercurialism of 
which he wrote were far more severe than any cases observed in the 
fur cutting industry, and they were associated with a very high 
incidence of heart defects. 

The systolic pressures of female fur cutters are much higher than 
those of the males. This difference is most marked in the higher age 
groups where, however, the number of individuals studied was not 
large. These average values are higher than the average values for 
female pottery workers and female garment workers of comparable 
age studied by the Public Health Service (25). The average values 
for diastolic pressure are also higher than the average values for the 
males. Conditions for the measurement of blood pressure were not 
entirely satisfactory. Excitement and apprehension also increase 
blood pressure, as is well known, and these disturbing influences could 
not be entirely eliminated. For these reasons it is difficult to be sure 
that the high rates for females represent findings of pathological 
significance. 
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The subject of high blood pressure will be referred to again in a 
later section in connection with the discussion of evidences of kidney 
pathology. 

BLOOD PICTURE 


Erythrocytes—An important question which these data were 
collected to answer is: Do the hematological findings provide any 
evidence that mercury exposure caused a large-scale destruction of red 
blood cells? Three kinds of data bearing on this point are presented 
here: (1) Total number of erythrocytes, (2) concentration of hemo- 
globin, and (3) cytological evidence of the presence of juvenile stages 

of erythrocytes which, if present in large numbers, would indicate 
that regeneration of red cells was actively in progress. : 

Erythrocyte counts for male and female fur cutters have been 
presented in table 17. 


TABLE 17.—EHrythrocyie counts made on male and female fur cutters 


Frequency with which certain counts were found in— 
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Erythrocytes (millions per mm3) 
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The average erythrocyte count was lower in the male and female 
fur cutters who had the symptoms of chronic mercurialism than it 
was in other persons. The difference between the averages for mer- 
cury-affected and nonaffected males, 0.1763 40.0609, is probably but 
not certainly statistically significant. On account of the small 
number of females affected by mercury the comparison of average 
values for females carries less weight. The average red cell counts 
for females are, as is to be expected, lower than those for males. 

Compared with the average red cell counts reported in standard 
reference books it appears that the erythrocyte counts for nonpoisoned 
males and females are slightly low. It appears, however, that many 
of these so-called normal values are based on blood examinations of 
medical students and nurses. In other words, most of the data 
available for comparison represent groups of people who differ in age 
and nutritional status from industrial populations. Consequently, 
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it appears that close comparison of these data with data representa- 
tive of nonindustrial populations may be inadvisable and this pre- 
caution probably applies to many of the hematological data presented 
here. 

Hemoglobin estimations were made with the Dare hemoglobinom- 
eter. These data have been presented in the form of frequency 
tables in table 18. 


TaBLE 18.—Hemoglobin percentages found in blood of male and female fur cutters 
(Dare colorimeter) 
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A difference in hemoglobin content between males and females is 
to be expected, and the average values, in themselves, are not markedly 
low. The difference between mercury-affected and nonaffected males, 
1.4810 +0.9279, is not statistically significant. 


TABLE 19.—Reticulocyte counts, expressed as percentages of total erythrocyte counts 


Frequency with which these percentages were found in— 
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Reticulocytes percentage 
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The color index averaged 0.881+0.002 for mercury-affected males, 
0.854-+0.006 for other males; 0.904-0.009 for mercury-affected 
females, and 0.871-0.003 for other females. 

Determinations of the percentage of reticulocytes have been of 
value in the study of lead poisoning in indicating whether or not the 
proportion of newly formed red blood cells was so great as to indicate 
unusually high rates of erythrocyte formation. Although more data 
are needed to establish the normal range of reticulocyte counts 
definitely, 1.2 percent may be regarded as the upper limit found in 
normally healthy individuals. 

The reticulocyte percentage is normally higher in females than in 
males. The difference between mercury-affected and nonaffected 
males, 0.2370+0.1074, is possibly, but not certainly, statistically 
significant. The mean values for both groups seem to be higher than 
normal. It is possible that this finding may be evidence of subclinical 
mercury absorption. 

Other cytological data were collected which have a bearing on the 
question of destruction of red blood cells and their replacement. 
Estimates of the relative abundance of stippled cells were made; none 
were found in the blood of 77 percent of the males or 72 percent of the 
females; very few individuals had numbers of stippled cells of patho- 
logical significance, and there were no indications that stippling was 
associated with the symptoms of chronic mercurialism. Similar 
statements may be made for blood platelet estimations. Observations 
on occurrence of anisocytosis, and achromasia do not indicate that they 
are at all closely linked with mercury exposure or the symptoms of 
chronic mercurialism. In all these respects these findings are in 
agreement with those of Dunajewsky and Peissachowitsch (12) who 
examined blood taken from 138 men, most of whom were suffering 
from acute, subacute, orchronicmercurialism. It appears that cytolog- 
ical observations, with the possible exception of the reticulocyte count, 
had little diagnostic value as far as chronic mercurialism is concerned 
in this study. 

Leucocytes.—Some of the leucocyte counts presented in table 20 
may appear to be dangerously high unless one bears in mind that most. 
of these individuals had been exercising actively and many of them had 
eaten food just before the blood sample was taken. It was a regular 
occurrence in certain factories for venders to go through the workrooma 
and sell pastries to the employees, who ate them during pauses in the 
work. Normally there is a rise in the leucocyte count after eating due 
to an increase in lymphocytes and this may explain, partially at least, 
some of the high values. 
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TABLE 20.—Leucocyte counts made on male and female fur cutters 


Frequency with which these 
counts were found in— 





Leucocytes 
Males Females 

6.000 thiS WOOO £22. LOO NS Ahee RQ AE Ros 10 ll 
GOO IO 6000 eee eR Re eg a el ee 52 27 
TOUO RO 2000S ee SS eed SRE See 72 13 
SOOO COS: 009 vans kn ee Fe ee ee ee 90 65 
P000NG. S000). fit Lt at). a. SO, A A: 40 22 
LO O00IO 10,9005 « 2 tad: Re 8 Tr as ee. ein ee LE reg eee iy! 18 
ELO0OftG HAL OOO Lilier Doe siad Sota as eee OT VATE 3 10 7 
AO OO TEODORO ae ee tS Se os ates acca a ie re ee ct A a 6 if 
LS OOO TOBY OOO ne or on eecettete Aira oe ee Sees ee en eee 0 1 
PA QOO TONS 4 900 oe a eg ee ec ee ee ee Pe 3 

TM OtAl TOStOds 6 2 ce a en pe cr en ee ee 293 228 

ITO ee re a een ys Ci Ee Set Oe RA 8, 233. 0-55. 3 8, 263. 071. 5 
Btan@ard:deviationes s+ 52 ee ee ee eee 1, 407 1, 600 


No relation could be found between mercury exposure and the 
leucocyte count. Persons with the symptoms of chronic mercurialism 
had almost the same total leucocyte count as persons who did not have 
these symptoms. 

The percentages of lymphocytes found in the blood of these fur 
cutters are slightly higher than usual and the percentages of neu- 
trophils are correspondingly lower than usual. Although the interpre- 
tation of these differences is complicated by several circumstances 
which could not be controlled, it does not appear that these differences 
are necessarily the result of mercury absorption. The fact that the 
monocyte percentages are within normal limits substantiates this 
view. 


TaBLE 21.—Total leucocyte count and differential leucocyte count of poisoned and 
nonpotsoned male and female fur cutters 


Differential leucocyte count (expressed as percentages of total 
Num- leucocyte count) 
ber of |Total leuco- 
per- | cyte count 


Lympho- Eosino- 


sons . ; 
Neutrophils cytes Monocytes phils Basophils. 
Males: 
Nonaffected_____- 260 | 8,276 65 | 55.5440. 42 | 35. 6540.42 | 7.83+-0.18 | 1. 7940.05 | 0. 65-0. 03 
Affected by mer- 
. BULVEe soc sces 34 | 8,1764179 | 54.12+1.03 | 37.354 .93 | 8.16+ .48 | 1.624 .09 | .76+ .07 
emales: 
Nonaffected___-_- 220 | 8, 281-- 72 | 538.48-+- .44 | 38.954 .44 | 7.074 .12 | 1.894 .04] . 784 .08 
Affected by mer- 
OUTY sooesa cee ee 8 | 7, 750-832 | 52.50-+3.37 | 38. 7542.91 | 7.50+..73 | 1.614 .04 .69+ .1l1 


These findings are in accordance with those of Dunajewsky and 
Peissachowitsch (12), and of Matussevic and Frumina (17), who re- 
ported that lymphocytosis was the most distinctive blood finding in 
individuals who were exposed to mercury vapor. ‘The difference be- 
tween mercury-affected and nonaffected male fur cutters 1.698 + 1.022, 
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is not statistically significant. When lymphocyte percentages were 
classified according to length of exposure and to the amount of ex- 
posure to mercury (as in table 29) no relation to mercury exposure was 
discernible. There was no variation of the lymphocyte count with 
age in either males or females. In order to decide whether there is a 
definite relationship between mercury exposure and increase in 
lymphocytes it would be desirable to supplement these findings by 
examinations of the blood of a number of persons before and after 
beginning work in an industry in which workmen are exposed to 
mercury vapor, making all examinations at proper intervals after 
partaking of food. 

The nonprotein nitrogen, creatinin, and sugar contents of the blood 
were determined by the methods of Folin and Wu and serum calcium 
was measured by the titration method of Tisdall. Most of these 
values fall within normal limits and there seems to be no need to 
present them here. 


RESULTS OF CHEMICAL AND MICROSCOPIC EXAMINATION OF URINE 


All urine examinations were made on 24-hour specimens of urine 
within a few hours after they were received at the field laboratory. 
A tabulation of the results of these tests is presented as table 22. 

Albumin.—Tests for the presence of albumin in urine were made by 
the sulphosalicylic acid method described by Kingsbury, Clark, Wil- 
liams, and Post (40) and by Blatherwick (35). Albumin was found 
in the urine of 82 of the 281 males tested (29.2 percent) and of 52 of 
the 224 females tested (23.2 percent). This is a higher incidence of 
albuminuria than Sydenstricker and Britten (46) reported for 100,924 
white males, namely, 21.7 percent. It is also a higher incidence of 
albuminuria than Blatherwick (35) reported for about 13,000 em- 
ployees of a life insurance company (10.7 percent) who were tested 
by the same method. There was, however, little difference between 
the percentage of mercury-affected and nonaffected males with albu- 
minuria, as table 22 shows. By the use of standard suspensions, 
rough quantitative determinations of the amount of albumin present 
were made and the percentages of persons with different amounts of 
albumin in their urine have been tabulated. Slight and moderate 
degrees of albuminuria are most frequent and the severe forms are 
relatively infrequent. In later sections of this paper, albuminuria 
and its relation to other urinary findings will be discussed. Reiselman 
(18) did not consider that albuminuria was a consequence of mercury 
exposure, but Matussevic and Frumina (17) reported that the per- 
centage of workmen whose urine contained albumin was higher in 
industries in which mercury was used than in industries where it was 
not used. 
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Sugar.—Sugar was found in the urine of only 1.6 percent of the 
males, a low rate of incidence. Although the percentage of females 
with glycosuria is higher than the percentage value for the males, 
again there is no suggestion of a deleterious effect of mercury exposure. 

Urinary pigments.—Urobilin, considered by some to be indicative 
of impaired liver function and wholesale destruction of red blood cells, 
was present in the urine of only nine men and five women. Hemato- 
porphyrin was also present in the urine of only a few individuals, 
three men and one woman. This very low incidence is significant 
because it is another indication that destruction of red blood cells is 
not going on at a rapid rate in the group as a whole. This deduction 
is in accordance with the interpretation of the hematological data 
discussed in the foregoing section of this report. 

Blood and pus cells —Microscopic examination of the urinary 
sediments thrown down by centrifuging indicated that the percentage 
of persons whose urine contained fine granular casts, leucocytes, or 
erythrocytes was about as high among persons who were not affected 
by mercury exposure as among persons who were. The data on 
occurrence of leucocytes and erythrocytes in the urine have not been 
tabulated because of the possibility that in some specimens these 
cells may have decomposed during the 24-hour period in which the 
samples were collected. Study of the data indicated that the per- 
centages of males whose urine contained leucocytes or erythrocytes 
were about the same as the values reported for the 100,924 male 
policyholders (46) or for the 40 normal males examined during a 
study of lead poisoning (26). 

Casts.—The difference between the percentage of mercury-affected 
males whose urine contained fine granular casts, namely, 24.2 percent, 
and the corresponding percentage for nonaffected males, 14.5 percent, 
is possibly but not certainly statistically significant. These figures 
are much higher than the values reported by Sydenstricker and Britten 
(46) for 100,924 white males, namely, 8.2 percent, and they are also 
higher than the rate found on examination of 40 men, 7.5 percent, in 
the course of an earlier study of the Public Health Service (26). 

Kidney pathology.—As a means of finding out how many individuals 
were suffering from advanced stages of kidney disease a tabulation 
was made of individuals whose urine contained both albumin and 
fine granular casts, whose systolic pressure exceeded 150 mm of 
mercury, and who had more than 35 mg of nonprotein nitrogen per 
100 ce in their blood. Ten men and eleven women had all four of 
these conditions. There was no evidence that their condition was 
in any way related to mercury exposure; their exposure to mercury 
vapor was no greater than the average, only 3 persons of the 21 had 
chronic mercurialism, and only 6 of the 20 whose urine was tested 
spectrographically had mercury in their urine. 
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TABLE 22.—Percentage of persons whose urine contained substances or bodies 
indicative of kidney pathology 





Males Females 
Diagnosis N ociesna: Diagnosis Ngee: 
of chronic chronic of chronic chronic 
Boe mercurial- | i" ial- | mercurial- 
ism ism 
FLOCaLHUMpDSr OMMErsSONS o.oo 5 82 oc eee 34 247 8 217 
Chemical tests: 
Albumin: 
Slight trace, less than 0.01 percent_.-..-_.-.---- 20.6 16. 2 0 8.8 
Moderate amount, 0.01 to 0.03 percent_--.._---. ale 2 10.9 14.3 12.0 
Marked amount, over 0.03 percent___.-_-------- 0 1.6 0 2.8 
SUIS O REA Sieger 5 eae ea ee ee eee eee er eee 0 1.6 0 4.7 
Wrobilin. i tLe te Mie fil teh fei: Sa ea! 6.2 2.9 0 2.3 
EVGMALOPOLD MN Yrin.2 25 ee eee Loe ee 0 1.2 0 0.5 
Microscopic tests: 
Mine aranwdilar CaAStSe. 4.0 ele cSaace lees ss 24.2 14.5 0 12.5 


MERCURY IN THE URINE 


The method of quantitative spectrographic analysis was based on 
Nitchie and Standen’s (48) modification of Gerlach and Schweitzer’s 
homologous pair technique.’ 

The number and percentage of male and female fur cutters whose 
urine contained mercury is presented in table 23, where they are 
further classified according to the concentration of mercury found. 
Reiselman (18) found measurable amounts of mercury in every one 
of 22 samples of urine and 14 samples of feces from unselected em- 
ployees of a mercury smelter. His analytical methods are not 
specified. The average concentration of mercury in urine was 
0.76+0.9 mg per 1; individual measurements ranged from .06 to 
2.90 mg per |. In their working environment the smelter employees 
breathed air that apparently was almost completely saturated with 
mercury vapor. 


3 In this method a known amount of an element (in this case thallium) not originally present in the 
material to be analyzed is added to serve as an internal standard. Essentially, the procedure consisted in 
adding 0.1 ec of a 0.07 percent solution of Tl:SO, to 0.9 cc of urine. By means of a pipette 0.1 cc of this 
mixture was introduced into a -inch hole drilled to a depth of 34-inch in the end of a special spectrographic 
graphite electrode which upon test had been found to be free from mercury and thallium. Before use these 
electrodes were burned in an arc at 15 amperes for 14 to 1 minute which had the desirable effect of making 
the graphite more porous. After introduction of the sample the electrodes were dried at 46° C. for 2 hours 
and were then burned in a direct-current arc at 15 amperes for 25 seconds. The spectrum was photographed 
on an Eastman no. 33 plate with a Hilger E3 quartz spectograph. 'The densities on the photographic plate 
of the Hg line at 2537A and of the T] line at 2580A were measured with a Bausch & Lomb density compara- 
tor. Slight variations in photographic technique and in the physical conditions of the arc were unavoid- 
able in different tests, but if the density of the Hg line is always referred to the density of the Tl line (which 
thus serves as an internal standard) the possibility of an error being introduced into the mercury deter- 
mination is minimized, for the thallium line should be as much altered as the mercury line. The apparatus 
was calibrated by testing samples of normal, Hg-free urine to which known amounts of mercury had been 
added, which were then treated in the same way that test samples were treated. Below concentrations of 
0.1 mg per | the density of the line could not be measured with the comparator but the presence of mercury 
could be ascertained in concentrations as low as 0.01 mg per 1. 

A spectographic method such as this gives no indication, of course, of the chemical state in which mercury 
exists in the urine. 
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TABLE 23.—Number and percentage of male and female fur cutters whose urine 
contained mercury 


Percentage Number 


Concentration of mercury, mg per | l 
Males | Females | Males | Females 


Potal tested 1 oa RE pant cies aoa 100. 0 100. 0 266 222 


IMIGECURY aDSeM Gece. oe tee ele cee Pet a ee ee ee 69. 9 58. 6 186 130 
OOLOL OBO Mae het ae a eee cee ee ee. ee ee erence ene 11.3 25. 2 30 56 
OPAC OMOUIOL Se ge oc os oan ee ates ae oe Re eae ee ee ene ee 16, 2 14.9 43 33 
OLS BO eG ka aed eens Fm oe gs ete A Se al oa Ee W272 ie 6 3 


ROHAN OVO VON aoe oe aoc need Se eee ee eee .4 0 dl, 0 


Mercury was found more frequently in the urine of women than in 
the urine of men, and the difference is statistically significant. These 
data do not provide any explanation for this difference. A tabula- 
tion of the incidence of mercury in the urine of males and females 
classified according to age indicated that about the same proportion 
of people in each age group had mercury in their urine. 

One might expect to find the highest concentrations of urinary 
mercury in individuals who were exposed to the highest concentrations 
of mercury vapor in the atmosphere, but an examination of the data 
shows that such a trend is not at all clearly marked. These data 
have been tabulated in various ways, with both coarse and fine 
groupings of the values, and the arrangement followed in table 
24 appears to display the data as clearly as any other method of 
tabulation. 


TaBLE 24.—Relation of atmospheric mercury concentration to concentration of 
mercury in urine 


Atmospheric mercury concentra- 
tion, mg per 10 mé 


Concentration of mercury in urine, mg per 1 Total 
Less than 2 2-3.9 4 and over 


Mopalitestod sec tsee ty eel eel § Sn wk ee Chee sie 347 104 37 488 
Mossbian OOlesck. ses, kee Poe SIRS. Re eee 237 54 25 316 
O1OT G0 O39 .'2 Sera, SB tO RSL She ATT Wh ch) eae eS 64 19 3 86 
OMmpandtovierdieasiseret Ja bins 20 wong oles eed 46 31 9 86 


Statistical probability tests indicate that there is a significant asso- 
ciation between atmospheric mercury concentration and urinary 
mercury concentration. It is not pronounced enough, however, to 
warrant a definite statement concerning the relation of these two vari- 
ables. Perhaps if the total quantity of mercury present in a 24-hour 
sample of urine had been calculated instead of the concentration, a 
more definite relation might have been found. The volume of some 
urine specimens was so small, however, that they could not be regarded 
as 24-hour specimens, and this precludes discussion of the total daily 
urinary excretion of mercury. Fraser, Melville, and Stehle (13) 
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found that the quantity of mercury in the urine of dogs exposed to 
controlled dosages of mercury vapor varied greatly from day to day. 

It is difficult to draw very definite conclusions concerning the rela- 
tion of the presence of mercury in the urine to chronic mercurialism. 
Basing the discussion on males only, because only a very few women 
had symptoms of chronic mercurialism, the relevant data have been 
summarized in table 25. The urine of four of the six females affected 
by mercury who were tested contained mercury. 


TABLE 25.—Relation of urinary mercury to chronic mercurialism 
among male fur cutters 


Number of males with— 
Percent- 





Diagnosis re 
Mercury in | No mercury Total RTS 
urine in urine 
RO elec Se 2 ek SUS ees ee ced ee 80 186 20864 2eees = 
IMPOR GIGI SI ade bk gk ee ch de 14 19 33 42.4 
WH Ssen tially NOLMale oo ett ee ee ee ke EE 66 167 233 28.3 


Statistical test of the data of table 25 shows that the difference 
between the percentage of mercury-affected males whose urine con- 
tained mercury and the percentage of nonaffected males whose urine 
contained mercury is possibly, but not certainly, significant. 

If the presence of mercury in the urine were an important symptom 
of chronic mercurialism, then the persons with the most pronounced 
symptoms of chronic mercurialism should exhibit this characteristic 
in pronounced degree. However, this does not appear to be the case. 
Analyses were made of the urine of nine of the ten persons who had 
the most advanced symptoms of chronic mercurialism. Only three of 
these nine individuals had mercury in their urine. 

There was no indication that the presence of mercury in the urine 
was associated with kidney pathology as evidenced by the presence in 
the urine of any of the abnormal urinary constituents listed in table 26. 
Reference to table 26, which is arranged to bring out the relationship 
between the presence or absence of mercury and the occurrence of 
albumin or fine granular casts, shows that these evidences of kidney 
damage were of no more frequent occurrence when mercury was 
present than they were when mercury was absent. 

TABLE 26.—Percentage of persons whose urine contained certain substances or bodies 


indicative of kidney pathology, classified according to the presence or absence of 
mercury in the urine 


Mercury Mercury 
present absent 


PAIN y ULM ese te poe ne Hs ig tg ret ra Sh Seth at 1 eS ra pee a eo Mh hd 26. 2 26.3 
Hine sramimilawcastent ha Css he 8 A ee ot Eee Peer he ae 14.5 17 
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From this evidence it appears that the presence of mercury in the 
urine can be regarded only as proof of mereury absorption. 


SYMPTOMATOLOGY OF CHRONIC MERCURIALISM 


The most important physical impairments observed in this study 
have been listed in order of prevalence in the first three columns of 
table 27. 


TaBLE 27.—Number of persons who had certain pairs of impairments, compared 
with the number who might be expected to have these pairs of defects on the basis 
of chance alone } 


Parsons Fine in- | Physic | Exagger-| Vaso-_ | Digestive 
affected tention disturb- | ated knee | motor dis-| disturb- 
tremor ance jerk turbances| ances 


Impairment 


SM oO so Le} Lo} se) 
ke oy] 3 2 oS £ Bs £ 54 £ ge es 
ie oe ee eee eet ae ge 
SAS eae le | el eobiis- |2| 2) ere 

SH a] 2 3 Q 3 2 a Q a Q 3 
Z |e Ste PS Phe SS ee ea a 

Pineuntention tremor: 222. 2 2225-6. 25. S30) Silt [PSone B43) 8x8 12381) Sd: \OLOT Cae Oc ene 
Sy chicdisuurbanee.—-s2.5620<s2-. 565 Ohh Vag A a Oe mr Oiehe eyo aees | eee 2 QB a) 22 Boal (Sie oom 
Exaggerated knee jerk.__._._-__------ SO) OZ Ce. So) FREOS s Se eee 123) WSs ot eee: 
Vasomotor disturbance._.........-..- GES OM ko Goel peo AS CS eae eee Bia one 
Digestive disturbance._.__.___.---___.- SENS STOW SLE SHS SEP ECa GN Spa SSeS 
Inflamed nasal mucous membrane__-__| 212 | 40.1 | 23 | 17.2 | 18 | 15.6 | 19 | 12.0 | 32 | 24.4 | 23 | 18.4 
Discolored oral mucous Membrane___.| 191 | 36.1 | 29 | 16.6 | 23 | 14.1 115 | 10.8 | 29 | 22.0 | 24 | 16.6 
(IMG atistes tn ee ee et 201 | 38.0.) 23°) 16.3 \.19 | 14.89) 13 | 77.25) 25) 2852 || 16 | 1725 
Inflamed) conjunctival iii2212_ 232322 OS TOSON) BL CCA SiG Be te 1b VIS SOR Ek SGN 6x7 4} 4.6 
Insomnia (present complaint).._____-- Be A@O)| Ol On Onl On eeeag all ule ie ent year sal ia al ercane 
Loss of appetite (present complaint)_._| 28) 4.4] 7] 1.9| 6] 1.7] 2] 1.8] 4] 26] 8] 2.0 
Loss of weight (present complaint)..-.| 14] 2.6; 5] /.1 Bal 4. Olle SO) On| HNO omy mmalere 
Past history of nervous disease___.____ SOLE QMS LS. HAAS) Bae re ESO s1St!| SSIS Ss  2S9 
Present complaint of sore mouth__-_.- 12eh aoe 4 1.0 3 .9 i a 1 1.4 ut TARE 
Present history of tremor. :__...------ LOL) CLE9] 46 8 5 b7 aks 162) a8 LEZ 8 9 
Present complaint of psychic dis- 

tunbaneel 7. OE). Oo5_ Tari ease Eade BT | 629 1X6. SS ION | 16 8 8.9 ATO PMO ZrStiaol |” S58 


1 Where the differences between observed and calculated values are statistically significant the observed 
values are printed in bold-face type. Unless otherwise stated, the impairments listed were observed by 
the examining physicians during the physical examination. 


These data are largely self-explanatory, especially since they have 
already been discussed in earlier sections of this paper. They are 
presented here to indicate the principal symptoms taken into con- 
sideration in making a diagnosis of chronic mercurialism. 

Not every case of mercurialism presented: all of these symptoms. 
For example, of the 43 persons who had fine-intention tremor (which 
was regarded as the most important diagnostic sign of chronic 
mercurialism), only 22 had vasomotor disturbances (dermatographia, 
excessive perspiration, or abnormal readiness to blush). Of these 22, 
6 had psychic disturbances. Of these six persons, three had an 
exaggerated knee jerk. Only one person had tremor, vasomotor 
disturbances, psychic disturbances, exaggerated knee jerk and diges- 
tive disorders. Other tabulations of the data are possible, but the 
result, in general, is the same; the number of persons who had more 
than three or four of these symptoms is small. Nevertheless, it must 
not be supposed that these symptoms are entirely independent of 
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each other in their occurrence. On the contrary they are found 
together much more frequently than would be expected on the basis 
of chance alone. ‘To illustrate this point, by making use of the per- 
centage values of table 27, it is possible to calculate the probable 
number of persons who would have any 2, 3, 4, or 5 symptoms. 
Instead of the observed values of 22, 6, 3, and 1 for the numbers of 
persons having the symptoms listed above, one would expect 5.1, 
0.36, 0.02, and 0.002 if it were merely a matter of chance that a person 
had more than one symptom. 

Table 27 shows the number of persons who had particular pairs of 
symptoms. For each pair of symptoms a calculation has been made 
of the probable number of persons who would be expected to have 
these symptoms on the basis of chance alone. Where the differences 
between the observed and calculated values are statistically signifi- 
cant * the observed values are printed in bold-face type. 

The data in table 27 show that fine-intention tremor accompanied 
other physical impairments far more frequently than one would 
expect on the basis of chance alone. No other impairment was so 
frequently associated with so many other disorders and defects as 
fine-intention tremor and this is one of the reasons why it was regarded 
as the most important symptom in establishing the diagnosis. 

Psychic disturbances also accompanied many other impairments to 
an unusual degree, and this is important in showing that the mental 
disturbances described in an earlier section of this report are part of 
the symptom complex referred to here as chronic mercurialism. 

Vasomotor disturbances and exaggerated knee jerk are also sig- 
nificantly associated with a number of other impairments, although 
not to the same extent as fine-intention tremor and psychic disturb- 
ances. 

It is interesting to note that a complaint of digestive disorders 
present at the time of examination also was significantly associated 
with complaints of other kinds—insomnia, loss of weight, and loss of 
appetite. Digestive disturbances are not highly associated with the 
disorders that were found upon physical examinations, with the 
exception of fine-intention tremor and psychic disturbances. 

Abnormalities of the mucous membranes are not significantly asso- 
ciated with many other disorders listed in table 27. This is a reason- 
able finding, since there are seldom very direct causal relationships 
between these abnormalities of the mucous membranes and other 
disorders listed in table 27. 

Wright (24, p. 301) treated his data in a similar way but he did not 
make probability tests. Of the 43 hatters and fur cutters he diag- 
nosed as having chronic mercurialism, ‘‘fourteen cases presented two 


4 The discrepancy between the observed and calculated values was considered to be statistically significant 
when the difference was three times as great as the probable error of the calculated value. 
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of the symptoms, usually tremor and psychic disturbance; twenty 
cases presented three of the symptoms, usually tremor, psychic 
irritability, and gingivitis; eight presented four of the symptoms; and 
one case presented tremor, psychic irritability, salivation, gingivitis, 
and a blue line.” 


INFLUENCE OF MERCURY VAPOR CONCENTRATION ON THE OCCURRENCE 
OF CHRONIC MERCURIALISM 


Every employee in the five fur-cutting factories studied, including 
the office employees, was exposed to measurable concentrations of 
mercury vapor. Quantitative measurements made with the Nord- 
lander instrument described in an earlier section of this report showed 
the presence of from 0.6 to 10.4 mg of mercury vapor per 10 m?® of 
air in the atmosphere of the workrooms. It may be helpful in 
studying these data on mercury vapor concentration to bear in mind 
that air fully saturated with mercury vapor at 20° C. (68° F.) would 
contain 131.8 mg of mercury vapor per 10 m*. The extent to which 
the concentration of mercury vapor is dependent upon the nature of 
the manufacturing process carried on in a particular workroom has 
been shown in table 6, and the extent to which it can be reduced by 
the application of appropriate engineering methods has already been 
discussed. 


TABLE 28.—Percentages of persons exposed to different concentrations of mercury vapor 
who were found to have chronic mercurtalism 











Number of Percentage 

persons Number of of exposed 

exposed to dia ayer population 

Concentration of mereury vapor mg per 10m3 the specified Be avin diagnosed 

mercury werent ma as having 

vapor con- san mercurial- 

centration ism 

TROPA RSIS OF REELS OPO Lhe Oe eed fe. Sah See ELL 529 AS: |Le.. Es scee aS 
OOOO. EUER Re Ate Se, . gb Phi teehee, 107 6 6: 6 
LOMO Gets =o. tete. S22: ek Se alee ee oe SOR 270 11 4.1 
DOMOI2 Obs 5a FES EL re, LEER. SESE E SV EAS ERR 12 1 8.3 
SOLO 0 ce 2 oo ee Sa Ce es eA sa ee Fes ee 96 16 16.7 
AFOMUOM4. OL 2 Lay TIER RELA ER ASS ee RL 28 6 21.4 

B20 TOrb Oe. 23 et ee ee RE es ee eae 10g 2 sss 0 
6:0\t0'6 9... ESE Lhe ite SED ae ee Se Se Se ra ta eae Ft or eee 
FOO Derg oo cet Zee Pee se OD, BS REE SET ERIN Pee 3 6 3 50. 0 


The number of employees exposed to high mercury concentrations 
is relatively small; most of them (71.3 percent) were exposed to less 
than 2 mg per 10 m*. Cases presenting the symptoms of chronic 
mercurialism were found over the entire range of mercury concentra- 
tions observed in these plants. All but one of the cases found in the 
lower mercury vapor concentrations were diagnosed as mild in nature 
and two of the three cases observed in men exposed to more than 
7 mg per 10 m® were diagnosed as severe, but in the intermediate 
range the severity of the case was not always proportional to the 
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mercury vapor concentration. This is only to be expected, since the 
duration of exposure to mercury vapor has not been taken into 
account. The numbers of persons who were diagnosed as having 
chronic mercurialism have been entered in table 28 and the percent- 
ages of each of the exposure groups who were so affected have also 
been presented in the last column of table 28. The steady imcrease 
of the percentage of mercury-affected persons with increasing mer- 
eury concentration is clearly marked. This relationship is important 
because it is one of several arguments, which, taken together, prove 
that mercury exposure is the cause of the condition referred to in this 
report as chronic mercurialism. 

The numbers of people exposed to some of the ranges of mercury 
vapor concentration listed in table 28 are small, and on that account 
the reliability of some of the percentage values is open to question. 
In view of the logical importance of the relationship between mercury 
exposure and incidence of chronic mercurialism it appeared to be 
advisable to group the data into two large classes, rather than eight 
small ones; one class including all persons exposed to less than 2.5 
mg per 10 m® and the other including all persons having a greater 
mercury exposure. Selection of 2.5 mg per 10 m? is not only natural 
and convenient as reference to table 28 will show, but from an engi- 
neering viewpoint it is also a significant dividing point because the 
manufacturing processes which expose workers to mercury concentra- 
tions in excess of 2.5 mg per 10 m® are the processes in which appli- 
cation of relatively simple control measures will materially reduce the 
mercury hazard The data thus grouped have been presented in 
table 29, where they have also been subdivided according to the 
duration of employment in the occupations within the fur-cutting 
industry each individual was following at the time of the study. 

The coarser grouping used in table 29 makes the relationship of 
mercury exposure to the incidence of chronic mercurialism even more 
striking. The incidence of mercurialism is 3.7 times greater in the 
higher range of mercury vapor concentrations than it is in the lower 
concentrations, and the difference is statistically significant. 

It will be noted that no cases of chronic mercurialism were observed 
in persons who had been employed for less than 2 years. It must not 
be inferred, however, that this length of time necessarily constitutes 
a safe period of exposure because 60 of the 75 persons who had been 
employed less than 2 years were engaged in occupations which 
exposed them to less than 2.5 mg mercury per 10 m’, a range of 
mercury vapor concentration that does not produce a very high rate 
of incidence (4.7 percent) of chronic mercurialism irrespective of the 
length of exposure. 

It may seem surprising that the percentage of persons with chronic 
mercurialism was not found to increase with length of exposure. It 
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must be remembered that this condition may become disabling, and 
if a person were obliged to quit his job because of disability resulting 
from mercurialism he could not be included in a survey of this kind. 
The data of table 28 showing the incidence of chronic mercurialism 
must be regarded for this reason as minimal estimates. The actual 
rates are almost certainly higher than these values. 


TABLE 29.—Incidence of chronic mercurialism in fur cutters employed for different 
lengths of tume who were exposed to concentrations of mercury vapor above and 
below 2.6 mg per 10 m3 


PERCENTAGE OF PERSONS DIAGNOSED AS HAVING MERCURIALISM 





Years in present occupation 


Mercury vapor concentration mg per 10 m3 | 
Less | 2-49 | 5-9.9 | 20a0d | mota) 





than 2 over 
Wadler Ole ee Cae re. FEO Oe Ae Be ee ee ea eee 0 6.6 5.0 6.0 4.7 
DDN KON Olean eat oo reg Ree oa re Ee ae oe eh SE 0 22.8 20.0 Tey 17.4 


NUMBER OF PERSONS DIAGNOSED AS HAVING MERCURIALISM 


Years in present occupation 








Mercury vapor concentration mg per 10 m3 : os 
Less an 
than & 2-4.9 5-9.9 veh Total 
NOSE ce: Sees oe BE Beeline Ble os hd a es a 15 13 15 43 
(Ondenoehy 24 Ee: ee eee ee bee a ee 8 ee of 5 6 18 
SOTA VOL on coe te eee oes oe oe ai oe ee ee Oe eek eS ee ee 8 8 9 25 





NUMBER OF PERSONS EXPOSED 





Years in present occupation 


Mercury vapor concentration mg per 10 m? 


Less 10 and 
fhan 9 2-4.9 5-9.9 ave Total 














ec arene kota wea a ea A ace oN aie eee aro eniryweS oee ae 75 159 141 154 529 
LO) i os ie pith ag a <. D  peast aree ON alla Pen Rpt sper Said cots yr 60 124 101 100 385 
ZO ONG OVO 2 ot 2 pp meget et pee oho pe ee ae aciee ee oe 15 35 40 o4 144 


INCIDENCE OF CHRONIC MERCURIALISM IN DIFFERENT OCCUPATIONS 


Various occupations within the fur-cutting industry offer different 
degrees of exposure to mercury vapor and there are corresponding 
differences in the proportion of individuals on whom a diagnosis of 
chronic mercurialism was made. 

Cases of chronic mercurialism were found among persons engaged 
in 10 occupations; the percentage of affected persons engaged in each 
occupation has been calculated, and the occupations have been listed 
accordingly. It will be noticed that the two occupational groups in 
which the incidence of chronic mercurialism is highest, blowers and 
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shippers, are the two groups exposed to the highest mercury-vapor 
concentrations. The occupations in which a smaller. proportion of 
persons were diagnosed as affected by mercury exposure are occupa- 
tions in which the mercury exposure is relatively low. This relation- 
ship cannot be expected to hold strictly because the factor of duration 
of exposure has not been taken into account. The number of persons 
employed in each occupation was too small to permit an analysis of 
this kind for each occupation. 


TaBLe 30.—Incidence of chronic mercurialism in various occupations within the 
fur-cutting industry 


Number of | Average 


: Cases of chronic perc. ey. 
Occupation + ae employed | exposure, 
mercurialism in oeee me per 
pation 10 m3 
Percent | Number 

Total all occupations Ses 2242 2 roe es 8 43 O20 | eee peeten ee Z 

IS IOMCES 2. Se Cpa ees S Syn ee ty) ee wee Cha ee ee ares Eee Eek 73 11 15 4.6 

SHOTEO) ORO oe ae ee Se ae ane. eee 50 3 6 ee 
EVD) home at SOS WEE hs CS oe RE Eee re ee ee eee eee oe 14 3 22 1. 2-3. 1 

IBIOWNfUr Packers. 5. Sek so aes ss ey. se ee il 1 9 3.8 

DEHOWACAnrO GN VGieet sete eat ee 2 ee Pee ata 11 i 9 2.0 
CETTE GUS eae HOPES te Set ey See Sen ee ep eee eee 10 5 48 1. 8-4. 0 
GC TIGES eee eee eee eee ee Ba ee pie ek Ee tak OE a ees 9 5 56 .7-1.5 
SECAGOLS Ras 2 SPA teen d ANE Ne BASE BES ths te ae 7 2 29 .9-1.2 
SUNS OPS & 2c Ee US pe ee eee ele eae OD APES OR Be eer ma i ws Lae) 4 8 178 1. 7-3.8 

WVEISCGLIANCOUSE St aes se I eS SA. he Dea aR Aes 8 4 47 .6 


Two of the four mercury-affected persons classified under the 
heading “miscellaneous” had been employed in the fur-cutting 
industry for over 25 years, and presumably had developed chronic 
mercurialism when they were employed in a different occupation 
from the one they were engaged in at the time of the study. Con- 
sidering the group as a whole, however, these changes of occupation 
were not numerous; 416 of the 529 persons had been employed in the 
same occupation ever since they had begun to work in the fur-cutting 
industry. 

Occupational stigmata.—It is interesting to note that no case of 
chronic mercurialism was found among any of the 40 carroters em- 
ployed in these factories. Carroting has often been assumed to be a 
hazardous occupation. The older literature contains many references 
to the hazard of mercurialism to which carroters are exposed and 
special attention has been given by engineers to the design of machines 
which would make hand labor unnecessary in this process. There 
are other disorders, however, to which the carroters alone appear to 
be subjected. One, which has attracted the attention of other 
physicians, is a black mottling of the enamel of the teeth observed in 
20 carroters. It appears as a conglomeration of small, irregular, 
black dots which cannot be scraped off. Only a few other employees 
had black teeth, and all of these persons worked near the carroters. 
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The formation of these blackened areas has been attributed to the 
acid spray arising during the carroting process. Carroters’ finger 
and thumb nails were brown or black. Nine carroters had chronic 
bursitis, with callus formation over the metacarpophalangeal joint 
of the index finger where the straps securing the brush to the hand 
passed over the knuckle. All these conditions were so characteristic 
of carroters that their occupation could usually be guessed from these 
signs alone. 

Mention should be made of characteristic calluses observed on the 
hands and forearms of cutters and openers. Because cutters rest 
their forearms on the table while feeding pelts to the cutting machine 
the upper third or upper half of the extensor surface of the forearms 
was red, dry, and indurated. Seven cutters were so affected. In 
one case there was a small, subcutaneous, circumscribed, soft mass in 
this area simulating a chronic bursitis. Two openers had thick 
calluses on the flexor surface of the right index finger caused by the 
knife used in opening skins. 


INFLUENCE OF FUR DUST ON HEALTH 


The data on atmospheric dust concentrations presented in table 
7 were used in‘an attempt to find out whether or not a direct relation 
existed between dust exposure and certain disorders of the respiratory 
tract and the mucous membranes. The occupational groups were 
arranged in order of their dustiness and the percentages of the workers 
in each occupation who were afflicted with a specific disorder were 
tabulated and plotted in the same order. Dust concentration and 
incidence of these physical defects did not vary concomitantly when 
inflamed conjunctiva, inflamed nasal mucous membranes, gingivitis, 
discolored oral mucous membranes, and lung pathology demonstrable 
by the standard methods of physical examination or with X-ray 
equipment were studied in this way. One occupational group, how- 
ever, the blowers, had a high incidence of each of these disorders. 
Besides being exposed to high dust concentrations the blowers are 
also exposed to high concentrations of mercury vapor, as shown in 
table 30. 


HEALTH OF WOMEN IN THE FUR-CUTTING INDUSTRY 


Two occupations, the opening of the pelts and the sorting of cut 
fur are carried on almost exclusively by women, and a third occupa- 
tion, skin sorting, is also carried on largely by women, as table 5 
shows. In the five fur-cutting factories studied, 92.3 percent of the 
women are employed in these three occupations. Opening the pelts 
and sorting of skins, in which 40 women (17.1 percent) are engaged, 
precede the application of the carroting solution containing mercury 
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compounds, and consequently the only mercury exposure these wo- 
men are subjected to is the inhalation of mercury vapor arising from 
fur being processed elsewhere in the same workroom. In the sorting 
of cut fur, on the contrary, mercury vapor in rather high concentra- 
tion (1.7 to 3.8 mg per 10 m® of air, according to the factory in which 
measurements were made) is released from the mercury-treated fur 
that passes continuously on conveyor belts in front of the sorters. 
All of the eight women who had cases of chronic mercurialism were 
employed as sorters. The average length of their employment in 
the fur-cutting industry was 9.6 years (rather more than the average) 
and all but one of the women had continued in the same occupation 
since beginning work in the industry. 

A nurse assisted in the physical examination of the women and 
asked each woman about the possible occurrence of menstrual dis- 
turbances and miscarriages, which some investigators report are 
aggravated by exposure to mercury. ‘There were 23 women (10 
percent) who reported menstrual disturbances, but none of the 8 
women with chronic mercurialism were included in this group. 
Meaker (41) and Sturgis (45) have published data on the occurrence 
of menstrual disorders among female industrial workers, using defini- 
tions and methods of collecting their data that differed fundamentally 
from the ones employed in this study. They reported that 5.5 and 
4.4 percent, respectively, of the women they studied were seriously 
handicapped by menstrual disorders. Miscarriages were reported by 
16 women employed as fur cutters. There were 179 married women 
in the group, and basing the percentage on that number rather than 
on the total number of women, the proportion of women reporting 
miscarriages is 9 percent which is not high. Likewise, Harris in 1915 
(15) noted no particular susceptibility to disturbances of menstrua- 
tion or of pregnancy among 90 women employed in a fur-cutting 
factory. 


INCIDENCE OF SYPHILIS AMONG FUR CUTTERS 


The incidence of syphilis in this group of fur cutters appears to be 
rather low. Kahn or Wassermann tests (and in all but 27 cases both) 
were made on blood samples taken from the median basilic veins of 
439 persons. Although it was not possible to make tests on blood 
samples from all 529 persons there is no reason to suppose that an 
undue proportion of syphilitic persons escaped test. In only four or 
five cases was it impossible to obtain a blood sample for test. Of 
the 439 blood samples received in good condition at the laboratories 
of the National Institute of Health and the Connecticut State 
Department of Health, three were anticomplementary to the choles- 
terinized antigen used in the Wassermann test, and for this reason 
they have not been included in the calculation of percentage values. 
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Seven blood specimens gave both Wassermann and Kahn reactions 
of 1 plus or more; of these seven samples, five were graded as 1 plus 
and two were 4 plus in the Wassermann test, and four were graded 
as 2 plus or more in the Kahn test. Three other specimens were 
graded as 1 plus or more in the interpretation of the Kahn test, but 
were negative in the Wassermann test, and one additional sample 
was graded 1 plus Wassermann but was considered to be doubtful 
in the Kahn test. Of the seven persons (1.6 percent) whose blood 
specimens tested 1 plus or more in both tests, four were males and 
three were females. Of the 11 persons (2.5 percent) graded as 1 plus 
or more on either test, seven were males and four were females. 
Ten of these 11 people had been employed in the fur-cutting industry 
for 5 years or more, and the concentrations of mercury vapor in the 
air of the workrooms in which they were employed ranged from 0.7 
to 5.4 mg per 10 m’ of air. There is little to be gained, it seems, from 
a study of the lengths of time these persons had been exposed to 
mercury because there is no way of knowing how recently these indi- 
viduals contracted the cases of syphilis they had at the time of exam- 
imation, and hence the length of employment may be a very mis- 
leading estimate of the amount of mercury exposure these individuals 
received after their cases of syphilis began. 

Nevertheless, these findings may be of interest because of the 
centuries-old practice of treating syphilis with mercury. It may well 
be that the inhalation of mercury vapor had a therapeutic effect on 
most of the individuals employed in these factories who may have 
contracted syphilis before or during their employment, but the data 
here presented cannot be used to support such a statement because 
it was not possible to study the incidence of syphilis in a population 
similar in social and economic status and in racial origin who were 
not exposed to mercury vapor. 

Comparable data on the incidence of syphilis are available for four 
industrial groups. Sawyer and Slater (34) reported that between 3.5 
and 4 percent of 3,447 employees of a camera factory had positive 
Wassermann reactions. Low (33) found positive Wassermann reac- 
tions in 3.7 percent of 4,117 employees of a shoe factory. Gehrmann 
(31) obtained positive Kahn reactions in 4.0 percent of 36,794 em- 
ployees of a chemical company with factories in a large number of 
widely-scattered cities. Heller (82) quoted data indicating that 4.1 
percent of native-born, white, male employees of an industrial plant 
in Tennessee had syphilis. It appears from our data that the incidence 
of syphilis in the fur-cutting industry is lower than in other industries 
for which data are readily available. 


61 
SUMMARY AND RECOMMENDATIONS 
ENGINEERING FINDINGS 


The present report discusses the technique employed in conducting 
complete engineering surveys of the working environment for the pur- 
pose of investigating the relationship between industrial environment 
and health. In the present instance this type of survey is applied to 
the hatters’ fur cutting industry. A discussion is given of the results 
of a preliminary survey of the entire industry and of a detailed study 
of five representative plants. The various instruments and methods 
used in determining the exposure of workers to mercury are described, 
the processes and occupations involved in the production of hatters’ 
fur are discussed in detail, as well as the occupational exposure to 
mercury vapor and dust, and the methods for minimizing hazard in 
this industry are also presented. 


RECOMMENDATIONS 


The recommendations which follow are based on what has been 
found to be good engineering practice in the industry itself. 

1. By segregating those operations handling untreated skins, ap- 
proximately 23 percent of the workers employed in this industry may 
be removed entirely from the hazard of mercury exposure. 

2. Local exhaust ventilation properly designed and maintained for 
such operations as cutting, brushing, and blowing, will serve to 
decrease the exposure for the workers in these occupations. 

3. Good natural or mechanical ventilation was found to decrease the 
amount of mercury associated with the occupations of piling and 
shipping. 

4, Since this study showed that in large plants considerable expo- 
sure may be attributed to the handling of mercury compounds in 
bulk, and to the storing of large quantities of treated fur, it is recom- 
mended that all treated material be removed from workrooms as 
quickly as possible and stored in well-ventilated rooms. 

5. Good housekeeping and general sanitation should diminish the 
mercury concentration in the various workrooms. This study showed 
that mercury vapor is being generated constantly from treated fur. 
Hence, if treated fur skins and dust be allowed to accumulate in the 
rooms they will be a source of mercury vapor. It is recommended, 
therefore, that all floors, benches, and other objects on which dust 
may accumulate be swept and cleaned daily. Sweeping should be 
done either by wet methods or by vacuum. In addition, a complete 
general cleaning should be made once a week. In the larger plants it 
may be well to delegate the maintenance of protective equipment 
and the practice of good housekeeping to some responsible official 
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who should make periodic inspections of all devices and methods used 
to eliminate the mercury hazard. 

6. As a result of this study, it was shown that many of the plants 
have their operations arranged very poorly. Such practice is not 
only inefficient from the standpoint of production, but often increases 
the exposure to mercury. 

The engineering studies indicate that exposure to mercury can be 
reduced to less than 2.0 mg per 10 cubic meters of air in all departments 
of fur-cutting factories. 

| MEDICAL FINDINGS 


The most important physical impairments found on examination of 
these fur cutters are the disorders that are generally considered to be 
symptomatic of chronic mercurialism. The term, chronic mercuri- 
alism, as used in this report, designates a chronic disease resulting 
from long-continued occupational exposure to mercury vapor and 
mercury-impregnated dust. 

The characteristic symptomatology, physical and laboratory find- 
ings of this disease as observed in this study are as follows: 

Symptomatology.—A past history of disease of the nervous system 
was found much more frequently than is usual in industrial groups. 
The most common present complaints volunteered (listed in order of 
their frequency) were psychic disturbances, digestive disturbances, 
insomnia, loss of appetite, tremor, and loss of weight. 

Physical findings —1. Fine intention tremor varying in degree from 
a slight tremor of the hand, eyelids, or tongue, to marked generalized 
tremor. 

2. Psychic irritability of an exaggerated degree, as indicated by 
irascible temper, discouragement without cause, feeling of depression 
or despondency, excessive embarrassment in presence of strangers, 
timidity, a desire for solitude, anxiety, excitability, ability to take 
orders, or a strong feeling of self-consciousness. 

3. Vasomotor disturbances, as dermatographia, excessive perspira- 
tion, and abnormal readiness to blush. 

4, Exaggerated patellar reflexes. 

5. Oral conditions, such as dry discoloration of the oral mucous 
membranes, gingivitis, loss of teeth, dark line on the Ae? and 
excessive danetiaay flow. 

Laboratory findings.—A complete hematological study was carried 
out. There were only two respects in which the fur cutters appeared 
to differ from other industrial populations; there was a slight increase 
in the lymphocyte and the reticulocyte ratios. Neither difference 
appeared to be closely related to mercury exposure. It is possible 
that the incidence of renal pathology (as indicated by albumin and 
fine granular casts in the urine) was also somewhat higher than is’ 
usual in industrial populations. 
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Mercury was present in the urine of 65 percent of the fur cutters. 
The presence of mercury in the urine does not seem to be a symptom 
of chronic mercurialism but it is indisputable evidence of mercury 
absorption. . 

There appeared to be a low incidence of syphilis among fur cutters, 
according to the results of serological tests. 

General medical findings.—Forty-three of the 529 employees ex- 
amined were diagnosed as having the symptoms of chronic mercuri- 
alism. Thirty-three of these cases were classified as mild, six as 
moderate, and four as severe. 

All of the 529 employees examined were exposed to mercury- 
contaminated atmosphere in concentrations varying from a weighted 
average of 0.6 to 7.2 mg per 10 cubic meters of air. 

From the data obtained it is impossible to define a reasonably safe 
maximum concentration of mercury in the workroom atmosphere. 
Symptoms of chronic mercurialism developed among individuals 
working in atmospheric concentrations ranging from 0.6 to 7.2 mg 
per 10 cubic meters. 

The severity of chronic mercurialism and the percentage of persons 
affected increased with the degree of exposure to mercury. The 
incidence of chronic mercurialism increases rapidly with increasing 
mercury concentration after the concentration exceeds 2.0 mg per 10 
cubic meters. For instance, of the 377 persons exposed to 2.0 mg 
or less per 10 cubic meters at the time of the study, 4.5 percent were 
diagnosed as having chronic mercurialism, and of the 152 persons 
exposed to greater mercury concentrations, 17.1 percent were so 
diagnosed. 

The symptoms of mercurialism were found among blowers, ship- 
pers, brushers, blown fur packers, yellow carrot dryers, cutters, 
clippers, spreaders, and sorters, being most numerous in occupations 
with high mercury exposure. 

There was no roentgenological evidence to show that pulmonary 
changes had resulted from occupational dust exposure in this industry. 


RECOMMENDATIONS 


It is suggested that periodic medical examinations of fur cutters be 
made, paying particular attention to the symptom complex of mer- 
curialism. A person whose condition is diagnosed as chronic mer- 
curialism should be removed from further exposure until he is no 
longer suffering from mercurialism and he should not be permitted to 
return to his old occupation until the mercury hazard has been 
controlled. 
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ANNOTATED BIBLIOGRAPHY 


To facilitate reference to the literature on chronic mercurialism 
resulting from the inhalation of mercury vapor and other subjects 
discussed in this bulletin a brief description of the contents has been 
appended to each bibliographic citation. This bibliography includes 
a number of papers which have been consulted and found useful 
during the preparation of this report but which have not been referred 
to in the text either because they did not contribute information 
dealing with the question under discussion or because they contained 
essentially the same information as other articles based on larger 
numbers of cases. The annotations are intended to indicate what 
sort of information may be sought for profitably in each article. So 
far as possible, no information that can be gained from the title has 
been repeated in the annotation, and consequently the length of the 
note is no measure of the merit of the article. 

Three of the papers listed here represent three phases of a medical 
study of 138 employees of a mercury smelting plant in Nikitovka 
in the Donetz Valley of the Union of Soviet Socialist Republics. 
Dunajewsky and Peissachowitsch (12) reported the blood findings, 
Reiselman (18) reported on the condition of the digestive tract and 
cardiovascular system, and Weger (23) reported the neurological 
findings. Exposure to mercury vapor was heavy and a large propor- 
tion of the employees were found to be suffering from acute, sub- 
acute, or chronic mercurialism. They describe more advanced cases 
than do most other writers. 

A. 8. Taylor’s (20) report on a fatal case of chronic mercurialism 


has been summarized by J. G. Taylor (21). 


ENGINEERING SURVEY 


1. Nordlander, B. W. Selenium sulfide—a new detector for mer- 
cury vapor. Ind. Eng. Chem. 19: 518-521. 1927. 
Description of quantitative analytical method. 
2. Fraser, A. M. The determination of mercury in air and in 
urine. Jour. Ind. Hyg. 16: 67-76. 1984. 
Description and comparison of quantitative analytical methods. 
3. Bloomfield, J. J., and J. M. DallaValle. The determination and 
control of industrial dust. Public Health Service Bulletin 
INO. Zitz, F930: 


Methods of determining dust concentrations and of reducing dust exposure 


in industry. 
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. Bloomfield, J. J.. W. Scott Johnson, and R. R. Sayers. The 


potential problems of industrial hygiene in a typical industrial 
area in the United States. Public Health Bulletin No. 216. 
1934. 


Engineering survey of potential health hazards. 


. Final report of the Miners’ Phthisis Prevention Committee. 


Union of South Africa. March 10, 1919. 


. Standards of school lighting. With suggested requirements for a 


School Lighting Code. American Standard, approved Septem- 
ber 15, 1932, by A. S. A. Prepared under the joint sponsorship 
of the Illuminating Engineering Society and the American 
Institute of Architects. 


CHRONIC MERCURIALISM 


. Adler, Lewis H. A report of five cases of chronic mercurial 


poisoning. Medical News. 59: 186-188. 1891. 
Tremor and salivation were observed in each of five hatters who sought 
medical treatment. Complete case histories of five disabled hatters. 


. Baader, Ernst W., and Ernst Holstein. Das Quecksilber, seine 


Gewinnung, technische Verwendung und Giftwirkung, mit 
eingehender Darstellung der gewerbliche Quecksilbervergiftung 
nebst Therapie und Prophylaxe. Verd6ffentlichungen aus dem 
Gebiete der Medizinalverwaltung. 30: 1-239. 1933. 


Exhaustive account of industrial uses of mercury, the disorders it causes, and 
the means of prevention. Excellent bibliography. 


. Bates, Lindon W. Mercury poisoning in the industries of New 


York City and vicinity. National Civic Federation, New York 
and New Jersey Section. 1912. 


Survey of working conditions and case histories of disabled hatters. 


Biondi, C. Uber die Vergiftung durch Quecksilberdampfe und 
Quecksilberverbindungen und die symptomatologischer und 
physio-pathologischen Differenzen. Archiv fiir Gewerbepa-- 
thologie und Gewerbehygiene. 1: 754-762. 1930. 

Tremor (discussed in detail), psychic irritability, and stomatitis characterize 
mercurial poisoning as observed in Italian miners and smelters of mercury. 

Dennis, L. Hatting as affecting the health of operatives. Report 
of the Board of Health of the State of New Jersey. 2: 67-85. 
1878. 3 

Reports incidence of tremor, sore mouth, and rheumatism among 1,546 
hatters. No medical examinations. 

Dunajewsky, M. I., and I. M. Peissachowitsch. Blutbild bei 
Quecksilberarbeitern. Archiv fiir Gewerbepathologie und 
Gewerbehygiene. 1: 511-521. 1930. 

Lymphocytosis was most important hematological finding. No signs of 
erythrocyte destruction. 
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Fraser, A. M., K. I. Melville, and R. L. Stehle. Mercury-laden 
air: the toxic concentration, the proportion absorbed, and the 
urinary excretion. Jour. Ind. Hyg. 16: 77-91. 1934. 

Well-executed experimentation on dogs, 

Freeman, J. Addison. Mercurial poisoning among hatters. Trans. 
Med. Soc., New Jersey. 1860: 61-64. 1860. 


An epidemic of cases of gingivitis, loss of teeth, excessive salivary flow and 
tremor resulted from the use of heavily carroted fur. 

Harris, Louis. A clinical and sanitary study of the fur and hatters’ 
fur trade. New York City Dept. Health, Monograph series 
No. 12, pp. 1-55. 1915. 

Tremor and gingivitis were most common pathological findings. 

Jacobsohn, W. Mercurial poisoning in the manufacture of clinical! 
thermometers. Jour. Ind. Hyg. 2: 198-196. 1920-21. 

Case histories of two thermometer makers who developed chronic mercuri- 
alism after working with heated mercury in poorly ventilated rooms for 
20 and 44 years, respectively. 

Matussevic, J. S. and D. M. Frumina. Esperienze cliniche sull’ 
avvelenamento cronico da piccole quantita di mercurio. Ras- 
segna di Medicina Applicata al Lavoro Industriale. 7: 1-19. 
1936, 

Mental disturbances, oral pathology, lymphocytosis and albuminuria were 
observed in 96 men and women exposed to mercury vapor in various 
factories and laboratories in the U.S. 8. R. 

Reiselman, S. D., Einfluss der Quecksilberintoxication auf die 
innern Organe. Archiv fiir Gewerbepathologie und Gewerbe- 
hygiene. 1: 496-510. 1930. 

Diarrhea, disorders of heart and liver, gingivitis, hyper-salivation, pains and 
weakness in joints, and pallor were among the impairments noted. 

Tallenberg, D.G. Leberfunctionspriifung bei Quecksilberarbeitern. 
Archiv fiir Gewerbepathologie und Gewerbehygiene. 7: 305- 
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